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FLEXIBLE  SHAFTS 
<md  CASINGS 
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SHAFTS 


Comuu^  (U  casings 


S.  S.  WHITE  are  specifically 

designed  for  the  shafts  they  serve, 
providing  qualities  which  are  (‘ssential 
to  the  protection  anil  satisfactory 
performance  of  the  shafts.  These 
qualities  are: 


S.  S.  WHITE  Remote  Control  Shafts, 
developed  specifically  for  auto  radios, 
do  combine  the  three  characteristics 
essential  to  smooth,  effortless,  sensi¬ 
tive  tuning.  These  characteristics  are; 


•Flexibility  combined 
with  firmness — 


•Minimum  torsional 
deflection  or  twisting 
under  load — 

•Equal  deflection  for 
either  direction  of 
rotation — 


•Extreme  curvature  limi¬ 
ted,  preventing  excess 
curvature  of  shaft - 


•Resistance  to  elongation 
preserves  correct  length. 
Grease-tight  and  corro¬ 
sion-resistant. 


•Low  internal  friction 
for  smooth,  easy  ro¬ 
tation  when  curved. 


ShaftB  avfdlable  in  any  lengthy  and  in  two  diameter »  —  .150‘ 


Always  specify  S.  S.  WHITE  SHAFTS  and  S.  S.  WHITE  CASINGS 

on  your  radio  requisitions 


The  S.  S.  WHITE  Dental  Mfg.  Co. 

INDUSTRIAL  DIVISION 

10  East  40th  St.,  Room  2310E,  New  York,  N.  Y. 
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Crosstalk 


►  WHAT  W  E  DON’T  KNOW  ABOUT 
RADIO  .  .  .  There  are  several  ques¬ 
tions  which  the  FCC  has  asked  radio 
eng'ineers  to  answer.  So  far  we  feel 
that  engineers  have  not  realized  the 
importance  of  this  opportunity  to  aid 
the  Commission,  and  it  seems  to  us 
that  the  RMA  and  the  IRE  and  any 
other  bodies  interested  in  broadcasting 
should  get  busy  at  once  and  get  the 
answers  to  these  questions. 

Having  gut  the  answers,  the  indus¬ 
try  might  find  itself  in  much  better 
condition  to  ask  certain  equally  impor¬ 
tant  questions  of  the  FCC. 

First,  what  constitutes  a  favorable 
ratio  between  desired  and  undesired 
signals?  Engineers  do  not  seem  to 
know.  There  is  a  superstition  that  a 
voltage  ratio  of  20  to  1  (26  db)  is 
proper.  But  the  answer  to  this  ques¬ 
tion  controls  the  allocations  of  sta¬ 
tions,  the  questions  of  high  power, 
of  high  fidelity  transmission  and  re¬ 
ception,  and  the  erection  of  new  sta¬ 
tions  in  the  already  congested  broad¬ 
cast  band. 

Station  WQXR  (New  York's  high- 
fidelity  station  on  1560  kc.)  ran  tests 
recently  in  which  two  sigrnals  were  put 
on  the  same  carrier.  One  was  made 
stronger  than  the  other.  Seventy-three 
reports  from  listeners  were  received. 
Thirty-four  of  them  stated  that  the 
ratio  should  be  more  than  30  db. 
Twenty-nine  felt  that  30  db  was  satis¬ 
factory  or  nearly  so.  Only  8  believed 
that  26  db  difference  was  tolerable. 
Evidently  only  these  8  out  of  73  re¬ 
porters  would  agree  with  the  present 
[  viewpoint  that  26  db  is  ok. 

Why  cannot  the  industry  appoint 
a  committee  or  an  engineer  to  make 
enough  tests  on  enough  people  to  de¬ 
termine  once  and  for  all  what  the  de¬ 
sired  ratio  should  be  for  music  and 
for  speech?  Two  phonogpraphs  with 
calibrated  controls  would  do  the  trick. 
I  Having  determined  this  ratio,  engi- 

Ineers  could  build  selectivity  into  their 
receivers  on  a  somewhat  more  scien¬ 


tific  basis.  At  present  the  aim  seems 
to  be  to  provide  as  much  selectivity  as 
the  price  of  the  set  demands  on  the 
basis  that  the  public  is  more  critical 
of  interference  than  it  is  of  tone 
fidelity. 

The  FCC  also  wants  to  know  what 
constitutes  a  blanketing  voltage.  At 
present  it  considers  a  field  of  126  to 
176  millivolts  to  be  a  blanketing 
value.  But,  the  question  arises,  what 
constitutes  blanketing  ?  Is  it  cross 
modulation  produced  because  the  re¬ 
ceiver  cannot  tolerate  more  than  a 
certain  input,  or  is  it  the  TRF  phe¬ 
nomenon  by  which  the  skirts  of  the 
resonance  band  widen  to  include  more 
spectral  territory  as  the  power  of  the 
incoming  signal  goes  up?  Cannot  the 
IRE  or  the  RMA,  or  somebody,  deter¬ 
mine  the  limiting  voltages  that  can  be 
placed  on  sets  of  vintage  1930,  1933 
and  1936?  Would  it  be  unreasonable 
to  decide  now  what  this  voltage  might 
be  in  1940  so  that  FCC  and  set  engi¬ 
neers  could  work  toward  something 
definite? 

Present  selectivity  tests  prove  noth¬ 
ing  when  it  comes  to  high-fidelity 
transmission.  Two  400  cycle  notes  are 
sent  into  a  receiver  via  two  r-f  car¬ 
riers.  The  carriers  are  varied  in 
strength  until  the  400  cycle  outputs 
differ  by  30  db.  This  is  the  danger 
point  so  far  as  input  is  concerned.  But 
in  high  fidelity  transmission  we  are 
concerned,  not  with  400  cycles,  but 
with  10,0()0  cycle  modulation.  The  for¬ 
mer  frequency  is  not  far  from  the  car¬ 
rier  of  the  undesired  station;  10  kc. 
modulation  however,  sticks  out  into  the 
next  fellow’s  channel.  Cannot  an  RMA- 
IRE  committee  do  some  work  on  this 
problem  ? 

Another  question  involving  power 
and  station  locations  is  that  of  noise 
level  in  various  types  of  communities, 
and  of  desired  signal  to  noise  ratios. 
This  question,  if  answered,  would  de¬ 
fine  exactly  service  areas. 

At  present  FCC  seems  more  inter¬ 


ested  in  inter-station  interference  than 
it  does  to  interference  produced  by 
non-radio  noises.  By  some  provincial¬ 
ism  of  thought,  there  seems  to  be  a  be¬ 
lief  that  high-fidelity  and  high-power 
transmission  are  mutually  exclusive. 
There  ought  to  be  an  engineering  man¬ 
ner  of  settling  this  uncertainty. 

Certain  cases  have  been  reported  of 
interference  set  up  by  non-linear  con¬ 
ductors  in  the  vicinity  of  a  listener 
near  a  high  power  station.  Our  pro¬ 
posed  engineering  committee  might  do 
some  work  on  this  line  to  determine 
if  500  kw.  is  going  to  be  more  bother 
than  it  is  worth — or  if  simple  means 
can  be  found  of  preventing  trouble 
of  this  nature  before  it  occurs. 

Thus  it  seems  that  an  industry  engi¬ 
neering  committee  might  provide  the 
answers  to  several  knotty,  but  engi¬ 
neering,  problems.  It  might  even  plan 
ahead  and  furnish,  say  a  6-year  pro¬ 
gram  for  broadcasting  advancement 
toward  which  FCC  and  radio  receiver 
and  broadcast  engineers  could  work. 


►  IDEA?  ...  Is  there  anything  to  the 
idea  that  electric  power  transmission 
lines,  which  stretch  all  over  this  coun¬ 
try,  could  carry  r-f  which  would  radi¬ 
ate  over  a  mile  or  so,  and  which  could 
be  used  by  an  aviator  to  determine 
his  location  when  off  his  beacon  course  ? 
This  radiation  could  carry  distinctive 
modulation  according  to  the  territory, 
and  could  be  turned  on  by  remote 
control  during  bad  weather. 


►  WHITE  LINE  ...  In  a  demonstration 
of  the  efficacy  of  light-sensitive  devices 
for  protection  of  machinery  or  workers, 
a  certain  piece  of  equipment  was  placed 
within  a  square  of  white  paint.  Anyone 
crossing  the  white  line  caused  an  alarm 
to  ring,  and  power  to  be  turned  off 
the  equipment.  It  was  done  with  In¬ 
visible  beams  of  light  (infra  red). 


EL 


Ceramics  as  Insulators 


The  use  of  inorganic  insulation  is  growing  rapidly  in  the  electronics  field,  especially  in 
high  fre(piency  service.  Herewith  is  an  up-to-date  review  of  the  available  ceramic  insula¬ 
tion  materials,  their  properties  and  uses  in  radio  and  allied  fields 


Ceramics  are  finding  increasing  use 
in  radio  set  components.  Above  is 
a  band-change  switch  which  shows 
the  intimate  association  between 
metal  parts  and  ceramic  body. 


IN  the  rapidly  ^rowinif  field  of 
specialized  insulation  for  use  in 
electronic  circuits  there  are  two  im¬ 
portant  divisions,  the  plastics  and 
the  ceramics.  Each  type  of  mate¬ 
rial  has  its  special  field  of  useful¬ 
ness,  dependinff  upon  the  electrical 
and  mechanical  nature  of  the  appli¬ 
cation  and  upon  the  cost  factors 
involved.  The  plastics  are  flexible, 
inexpensive  at  least  in  ordinary 
grades,  and  have  prood  electrical 
properties  in  the  middle  range  of 
radio  frequencies.'  The  ceramics  are 
mechanically  rigid;  they  are  some¬ 
what  more  expensive  per  pound, 
especially  in  fabricated  form.  The 
newer  forms  have  outstanding  elec¬ 
trical  properties,  especially  at  the 
higher  radio  frequencies.  The  cera¬ 
mics  are  comparative  newcomers  to 
the  field  of  electronic  circuits,  with 
the  exception  of  electrical  porcelain, 
which  is  one  of  the  oldest  insula¬ 
tors,  long  in  use  in  radio.  The 
newer  ceramics  are  highly  specialized 
products  developed  to  have  low 
losses,  e.specially  at  high  frequencies, 
and  to  have  the  mechanical  proper¬ 
ties  desirable  in  any  insulation. 

The  word  “ceramic,”  in  the  minds 
of  most  laymen,  means  a  clay-prod¬ 
uct  which  has  been  specially  heat- 
treated  or  “fired”.  But  according  to 
present  ideas,  this  definition  is  too 
restricted.  Ceramics,  in  the  eyes  of 
the  trade,  are  inorganic  compounds 
which  can  be  “fired”  to  form  a  vitre¬ 
ous  product,  whether  it  be  a  clay- 
product  or  not.  Ceramics,  in  this 
wider  sense,  are  usually  materials 
having  a  silica  base  of  some  sort, 
although  other  materials,  such  as 


alumina  and  magnesia,  which  con¬ 
tain  no  silicon,  are  also  “ceramic 
materials”.  This  broad  classifica¬ 
tion  includes  the  following  mate¬ 
rials  in  the  radio  field:  electrical 
porcelain,  magnesium  silicate  (stea¬ 
tite  or  “talc”)  porcelain,  glass,  glass- 
bound  mica,  fused  quartz,  magnesia, 
and  alumina.  Of  them  all,  the  only 
product  containing  clay  is  electrical 
porcelain. 

Ceramics  used  in  radio  vary  in 
form  from  a  huge  porcelain  antenna- 
base  insulator  capable  of  supporting 
the  full  load  of  a  150-ton  vertical 
tower  (including  the  tension  of  the 
supporting  guy  wires)  to  a  tiny 
magnesia  tube  l/32nd  of  an  inch 
across,  used  to  insulate  the  heater 
wire  in  a  radio  tube.  Stand-off  in¬ 
sulators,  tube  bases  and  sockets,  guy 
and  wire-suspension  insulators,  lead- 
in  insulators,  switch  parts,  bush¬ 
ing  inserts,  condenser  insulation, 
spreader  insulators,  coil-forms, 
straight  and  flexible  shaft-coupling 
insulators,  vacuum-tube  element  in¬ 
sulators,  heater-wire  coatings,  water- 
coils  for  the  cooling  system  of  high- 
power  transmitters — these  are  but  a 
few  of  the  applications  of  ceramic 
materials  in  radio  and  electronic 
work. 

Electrical  Characteristics — Loss  Factor 

Insulators  in  radio  work  are  often 
subjected  to  radio  frequency  fields 
of  considerable  strength.  Under 
such  conditions  a  current  will  flow 
in  the  insulator,  especially  if  it 
forms  a  dielectric  between  two  con¬ 
ductors,  and  the  current  flow  will  be 
directly  proportional  to  the  dielec- 
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lepend  its  size,  since  the  total  re-  total  volume  of  the  piece,  correspond- 

istance  and  total  loss  depend  on  the  ing  roughly  to  one-eighth  in  linear 

olume  and  surface  area  of  the  piece,  dimension)  which  occurs  during  the 

Jut  the  size  of  an  insulator  is  deter-  firing  process.  This  reduction  in 

nined  almost  always  by  mechanical  size  is  clearly  shown  in  one  of  the 

■equirements,  in  particular  the  me-  accompanying  illustrations.  Consid- 

hanical  strength  and  rigidity  offered  erable  ingenuity  has  been  shown  by 

)y  the  material  itself.  It  often  hap-  the  manufacturers  in  estimating  the 

)ens,  therefore,  that  a  material  of  degree  of  shrinkage  to  a  very  fine 
:omparatively  poor  electrical  prop-  degree.  It  is  possible  to  manufac- 
“rties  will  produce  a  good  insulator  ture  ceramic  insulators  to  within 
)ecause  its  mechanical  properties  one  one-thousandth  of  an  inch  in 
nake  possible  a  small  volume  and  several  inches  of  length.  Pieces 
ong  length,  both  of  which  improve  fabricated  before  firing  may  also  be 
ts  overall  electrical  properties.  It  ground  to  exact  size  after  firing, 
s  evident,  therefore,  that  choosing  provided  the  ground  surface  is  flat 
;he  proper  insulator  for  a  given  ap-  or  of  simple  configuration.  Tapped 
plication  is  a  complicated  business,  holes  and  similar  items  cannot  be 
especially  when  cost  is  an  important  ground  after  firing  (except  at  great 
factor,  and  that  no  general  rule  can  expense)  and  must  be  “shrunk-to- 
be  given  for  choosing  between  in-  size”  by  proper  design  and  accurate 
sulator  materials.  However,  the  firing.  The  type  of  material  which 
standard  data  on  each  material  is  is  fabricated  after  firing  (the  glass- 
the  basis  of  any  comparison,  and  it  bound  mica  materials  are  the  im- 
is  worth-while  therefore  to  collect  as  portant  members  of  this  group)  are 
much  information  as  possible  on  the  worked  in  much  the  same  manner 
mechanical  and  electrical  properties  as  metal  (although  they  are  much 
of  the  available  materials.  harder  on  tools)  and  can  be  ground. 

Mechanically,  ceramics  divide  drilled  and  tapped,  to  exact  size, 
themselves  into  two  main  divisions:  The  thermal  action  of  nearly  all 

Those  which  are  fabricated  into  the  ceramics  is  highly  satisfactory, 
parts  before  firing  into  vitreous  Pyrex  glass  melts,  but  only  at  a 
form,  and  those  which  are  fabri-  high  temperature.  The  porcelains 
cated  after  the  material  is  vitrified,  begin  to  lose  their  resistance  at 
This  distinction  has  an  important  about  1000°  C.,  but  for  the  general 
bearing  on  the  accuracy  with  which  run  of  operating  temperatures  the 
insulators  can  be  made  to  meet  me-  heat-problem  is  not  serious.  For 
chanical  specifications  of  length  and  very  high  temperature  service,  as 
volume.  In  the  pre-fabricated  form  in  insulating  heater  wires  and  other 
(porcelain  and  steatite  porcelain,  tube  parts,  magnesia  or  alumina  are 
alumina  and  magnesia),  allowance  used.  Much  progress  has  also  been 
must  be  made  for  considerable  made  in  removing  occluded  gasses 
shrinkage  (as  much  as  one-third  the  from  ceramics  so  that  they  may  be 

used  in  tubes  without  contributing 
to  their  gas  content. 


trie  constant  ot  the  insulating  mate¬ 
rial.  The  current  flow,  acting 
through  the  effective  “resistance”  of 
the  insulator,  gives  rise  to  a  power 
loss,  which  can  be  expressed  in  terms 
of  the  power  factor  of  the  material 
(the  ratio  of  the  power  lost  to  the 
volt-amperes  applied) .  The  product  of 
the  dielectric  constant  and  the  power 
factor  gives,  therefore,  a  figure- 
of-merit,  called  the  loss-factor.  All 
other  factors  being  equal,  the  mate¬ 
rial  with  the  lowest  loss  factor  will 
heat  up  the  least  in  a  given  r-f  field, 
will  display  the  highest  efficiency, 
and  be  least  subject  to  changes  due 
to  thermal  effects.  However,  in  com¬ 
paring  insulators,  all  other  factors 
are  usually  not  equal,  so  the  loss- 
factor  is  only  a  part  of  the  picture. 
But  it  is  generally  conceded  to  be  a 
valuable  index  of  the  electrical  prop¬ 
erties  of  the  material.  Other  elec¬ 
trical  characteristics  of  importance 
are  the  volume  resistivity,  surface 
leakage  resistivity,  and  dielectric 
strength,  the  latter  being  measured 
in  terms  of  the  voltage  necessary  to 
puncture  a  definite  thickness  of  the 
material.  Nearly  all  these  electrical 
characteristics  change  rapidly  as  the 
frequency  of  applied  r-f  field  in¬ 
creases,  and  therefore  the  frequency 
must  be  specified. 

Mechanical  Properties 

The  strength  of  a  material  (ten¬ 
sile,  compressive,  cantilever,  and 
transverse)  is  important  not  only 
from  a  purely  mechanical  point  of 
view  but  also  from  the  electrical 
point  of  view.  The  overall  electrical 
characteristics  of  a  given  insulator 


Electrical  (clay-bearing )  porcelains 

Electrical  porcelain  (that  manu¬ 
factured  under  the  vacuum  process 
is  used  widely  in  60-cycle  service 
throughout  the  electrical  industry, 
including  power  supply  application.' 
in  radio.  For  high  frequency  serv¬ 
ice  the  material  must  be  produced 
with  great  care  to  produce  low  los.^- 


A  typical  Isolantite  coil  form, 
after  (left)  and  before  firing.  The 
readily  apparent  shrinkage  must 
be  carefully  accounted  for  in  cera¬ 
mic  design 
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factor.  Its  applications  in  radio 
are  principally  in  larpre  strain-type 
insulators  for  tower  supports  and 
Kuy  insulation,  and  in  water-coolinjr 
coils  for  dissipatinjf  heat  in  hijrh 
voltajfe  r-f  amplifiers.  A  typical 
material  used  has  an  averajje  ten¬ 
sile  strentrth  of  6000  lbs.  per  square 
inch,  but  this  fiffure  varies  with  the 
nature  of  the  piece.  Over  the  fre¬ 
quency  rantre  from  100  kc.  to  1500 
kc.  the  power  factor  is  0.85  per 
cent,  and  the  dielectric  constant  6.2, 
jrivinfr  a  lo.ss-factor  of  5.27.  The 
volume  resistivity  is  very  hif?h, 
above  10“  ohms  |)er  cm.  cube.  The 
surface  resistivity  depends  on  the 
.surface  itself,  w’hether  trlazed  or  un- 
^dazed.  In  outdoor  applications  the 
jrlaze  surface  is  hijrhly  desirable 
since  it  is  as  nearly  self-cleaninK 
as  any  surface  available.  In  ap¬ 
plications  where  the  relatively  high 
loss  factor  can  be  tolerated,  the  ma¬ 
terial  is  highly  satisfactory  as  a 
general  purpose  insulator,  particu¬ 
larly  for  outdoor  and  large  scale 
applications. 

The  Sillimanite  porcelains  are  an¬ 
other  high  grade  type  used  to  some 
extent  in  radio  applications.  They 
have  a  very  high  resistance  to  chem¬ 
ical  corrosion,  a  tensile  strength  of 
from  10,000  to  12,000  pounds  per 


square  inch,  and  specific  gravity  of 
2.77.  The  dielectric  constant  varies 
from  5.76  at  60  cycles  to  6.4  in  the 
range  853  to  890  kc.  The  loss  fac¬ 
tor  is  about  the  same  as  the  other 
clay-body  porcelains.  This  particu¬ 
lar  ceramic  is  widely  u.‘<ed  in  igni¬ 
tion  spark-plugs. 

Aluniinuw  -  tnayut  ninm  -  gilirnte  (stca- 
titf)  porcelaitis 

Some  25  or  30  years  ago  it  was 
found  that  the  inclusion  of  a  per¬ 
centage  of  talc  ( magnesium-silicate 
in  natural  forms)  in  porcelains 
greatly  improved  their  hardness  and 
strength.  Increasing  percentages  of 
this  material  were  used  until  by 
1926  methods  had  been  developed 
for  using  this  material  alone  as  the 
body  of  the  porcelain.  The  “mineral” 
magnesium  silicate  exists  in  nature 
as  soapstone,  or  “steatite”,  and  is 
the  same  base  from  which  talc  cos¬ 
metics  are  made.  The  steatite  “por- 
celain.s”  made  from  this  material 
(under  the  names  Alsimag,  Isolan- 
tite,  Krolite,  Lava  and  Steatite),  have 
unusual  mechanical  and  electrical 
properties.  In  the  range  of  frequen¬ 
cies  from  1  to  3100  kc.  their  dielectric 
con.stant  ranges  from  6.0  to  6.4, 
their  power  factor  from  0.2  to  0.4 
per  cent,  and  the  loss  factor  from 
1.2  to  2.5,  depending  on  the  voltage 
and  temperature.  The  dielectric 
strength  is  in  the  neighborhood  of 
200  volts  per  mil.  for  a  piece  ^  inch 
thick.  The  volume  resistivity  is 
about  2.0  (10)“  ohms  per  cm.  cube. 


A  tensile  strength  of  about  6000 
pounds  per  square  inch  is  attained  in 
small  sections.  The  specific  gravity 
is  about  2.5.  Its  thermal  coefficient 
of  expansion  is  about  6(10)*  to 
7(10)  *  per  degree  Centigrade. 

The  material  is  fabricated  into 
parts  by  extrusion  or  by  molding, 
the  former  process  usually  forming 
a  somewhat  stronger  and  more  uni¬ 
form  product.  After  forming  the 
material  is  machined,  using  hard 
tool-steel  or  carborundum  for  shap¬ 
ing,  drilling,  tapping,  etc.  The 
pieces  are  then  fired  to  a  final  tem¬ 
perature  of  about  2500°  F.  The 
“firing”  range  (temperatures  in  the 
firing  process)  is  extremely  narrow, 
necessitating  a  high  degree  of  tem- 
I>erature  control.  Glazing  is  done 
where  a  self-cleaning  surface  is  nec¬ 
essary,  but  otherwise  glazing  does 
not  improve  the  properties  of  the 
insulator.  Surface  treatment  using 
waxes  or  polystyrol  plastics  is  some¬ 
times  used  to  reduce  the  tendency 
of  the  ceramic  to  hold  dirt.  The 
steatite  group  of  ceramics  is  a  highly 
popular  material  for  general  high- 
frequency  insulation,  and  is  widely 
used. 

Glass~bound  mica 

Glass  is  not  a  very  important  in¬ 
sulator  in  itself  in  radio  (although 
its  loss  factor  is  good,  in  the  neigh¬ 
borhood  of  3.5)  because  it  is  highly 
fragile  and  difficult  to  work.  But 
combinations  of  glass  and  finely  di¬ 
vided  mica,  originally  developed  in 
England,  have  become  of  consider- 


Right,  Sil'imnnile  ftirms.  a  high 
grade  of  iinrcelain  used  for 
chemical  as  tcell  as  electrical 
applications 

Itelow,  porcelain  is  used  under 
compression  for  strain-type  insu¬ 
lators  used  in  antenna  guy-stays 
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lowest  thermal  expansion  of  any 
solid  material  known.  Unfortu¬ 
nately  its  ^M’eat  cost  has  prevented 
wide  use. 

Extruded  forms  of  alumina  and 
matrnesia  are  manufactured  for  use 
in  hi^h  temperature  service.  Such 
forms  are  now  widely  used  as  in¬ 
sulation  for  the  heater  wires  of  ra¬ 
dio  tubes,  but  current  practice  is 
tendinjf  toward  the  application  of 
the  material  directly  to  the  wire  in 
semi-liquid  form  and  firing  it  in 
continuous-flow  furnaces.  The  coat- 


able  importance  in  the  radio  field,  considerably  lower  loss,  according  to 
These  materials  go  under  the  gen-  the  claims  of  the  manufacturer, 
eral  name  of  Mycalex,  although  Tests  made  by  the  National  Phys- 
there  are  at  least  two  different  forms  ical  Laboratory  in  England  on  the 
manufactured  by  different  concerns,  lead-less  variety  give  values  of  di- 
Mica  and  glass  are  both  limited  in  electric  constant  of  6.1,  power  factor 
physical  strength  but  when  finely  of  0.2  per  cent,  and  loss-factor  of 
ground,  mixed,  and  pressed  under  1.2.  This  loss  factor  compares  fa- 
heat  and  high  pressure  (about  2A  vorably  with  the  best  steatite  por- 
tons  per  square  inch  at  750°  C.)  celains. 

they  produce  a  very  dense,  gray-  The  Mycalex  ceramics  can  be  ma- 
colored  material  which  has  consid-  chined  readily  after  the  material  it- 
erably  greater  strength  than  either  self  is  formed  by  conventional  shap- 
of  the  constituents.  One  form  of  ing  drilling,  and  tapping  machin- 
Mycalex  uses  lead  borate  as  a  bind¬ 
ing  agent;  another  (the  s‘o-called 
“lead-less”  variety)  uses  potassium 
iodide,  which  acts  as  a  catalytic 
agent  during  the  formation  process. 

Mica  itself  contains  silica,  alumina, 
and  potash;  glass  is  a  combination 
of  various  silicates.  The  material 
is  commonly  pressed  into  rods  or 
sheets,  but  may  be  molded  to  in¬ 
clude  metal  inserts.  Its  specific 
gravity  is  2.45  for  the  lead-less  va¬ 
riety,  and  3.42  for  the  lead-borate 
type.  The  lead-type  has  a  dielec¬ 
tric  strength  of  about  9.0,  and  a 
power-factor  of  about  .55  to  .60  per 
cent.,  giving  loss-factors  of  roughly 
5.0.  The  lead-less  variety  has  a 

ery.  Extremely  hard  tool  steels  are 
necessary,  however,  due  to  the  na¬ 
ture  of  the  material.  The  tensile 
strength  is  about  6000  to  7000 
pounds  per  square  inch.  It  begins 
to  yield  plastically  at  about  450°  C. 


Mvcalex  (lead-less  variety)  machined  into  tube  and  coil-sarkel 
forms 


ing  thus  formed  on  the  wire  i.s 
strong  and  adheres  well.  Magne¬ 
sium  oxide  and  aluminum  oxide  both 
have  very  high  melting  points  and 
retain  their  properties  at  tempera¬ 
tures  as  high  as  2000°  C. 

Extruded  magnesia  forms  can  be 
made  in  the  most  delicate  shapt's 
imaginable.  A  typical  form  is  a 
cylinder  about  1  T6  inch  in  diame¬ 
ter  and  pierced  with  six  individual 
holes  running  the  length  of  the 
cylinder.  The  mechanical  strength 
of  the  material  is  not  great,  how¬ 
ever,  unless  specially  proces.sed  with 
heat-resistant  binders. 

Editor’s  note:  The  editors  are  in¬ 
debted  to  the  following  manufacturers 
of  ceramic  products  for  information 
supplied  in  the  preparation  of  this 
article:  American  Lava  Corporation, 
Champion  Spark  Plug  Corporation, 
Henry  L.  Crowley,  Inc.,  Dielectric 
Products  Corporation,  Electronic  Me¬ 
chanics,  Inc.,  General  Ceramics  Com¬ 
pany,  General  Electric  Company,  Iso- 
lantite  Incorporated,  Lapp  Insulator 
Company,  Mycalex  Corporation  of 
America,  Stupakoff  Laboratories,  The 
Thermal  Syndicate,  Ltd. 


This  massive  tower-base  insulator, 
consisting  mainly  of  porcelain,  is 
being  tested  at  the  Lapp  labora¬ 
tories  under  a  pressure  of  7,500,000 
pounds 


Other  types’.  Fused  quartz,  alumina, 
magnesia 

Of  all  the  materials  known  for 
insulation,  fused  quartz  has  long 
been  known  as  the  best  from  a 
purely  electrical  point  of  view.  How¬ 
ever,  it  is  very  costly  and  the  sources 
of  supply  are  few  and  far  between. 
For  precision  radio  instruments, 
where  cost  is  of  no  importance, 
quartz  is  occasionally  used. 

The  power  factor  of  pure  trans¬ 
parent  fused  quartz  is  0.02  per  cent., 
nearly  as  low  as  that  of  dry  air 
itself.  Its  dielectric  constant,  about 
4.0,  is  likewise  low  as  ceramics  go, 
resulting  in  a  loss-factor  of  0.09, 
better  than  the  next  best  material 
by  about  10-to-l.  Opaque  quartz 
has  a  loss  factor  about  twice  or 
three  times  as  great.  The  quartz 
itself  is  silica  (SiO,)  fused  at  1750° 
C.  It  is  strong  mechanically,  resist¬ 
ant  to  thermal  shock,  and  has  the 


‘Special  plastics  (polystyrol  types)  have 
good  electrical  properties  at  high  fre<iii''n- 
cies  as  reference  to  Electronics,  p.  10,  March 
1936,  will  show. 


Interchanffenble  pole  piecex,  often  of  alloy,  23  iter  cent  cohalt,  75  per  cent  iron 


Magnets  and  Magnetic  Materials 


The  metals  iron,  nickel  and  cobalt, 
pieces  of  which  are  strongly  at¬ 
tracted  by  steel  magnets,  are  called 
ferromagnetic.  Other  substances, 
amonjJT  them  manganese,  chromium, 
palladium,  platinum  and  aluminum, 
are  attracted  le.ss  strongly,  but  dis¬ 
tinctly.  All  of  the.se  elements  form 
the  group  of  paramagnetic  sub- 
.stances.  Ferromagnetism  is  only  a 
form  of  paramagnetism. 

There  are  other  materials,  the 
magnetic  proi>erties  of  which  are 
quite  different.  For  instance,  small 
pieces  of  bismuth,  antimony,  zinc, 
lead,  silver,  copi)er,  gold,  sulphur, 
quartz  crystal,  and  most  salts  (if 
free  from  iron)  are  more  or  less  re¬ 
pulsed  by  magnetic  i)oles.  Such  sub¬ 
stances  form  the  diamagnetic  group. 

In  strong  fields  some  liquids  and 
gases  show  a  paramagnetic  and 
others  a  diamagnetic  behaviour.  A 
.soap-bubble  filled  with  oxygen  will 
be  deformed  when  brought  between 
the  poles  of  a  strong  magnet  prov¬ 


ing  that  oxygen  is  paramagnetic 
compared  with  atmospheric  air.  The 
flame  of  a  burning  tallow  candle 
shows  a  diamagnetic  behaviour. 

A  quite  different  sort  of  physical 
experiment  nece.ssitates  strong  mag¬ 
netic  fields,  namely,  the  research  of 
corpuscular  radiations.  The  Wilson 
cloud-chamber,  in  which  the  tracks 
of  single  corpuscles  can  be  made  vis¬ 
ible,  has  been  developed  in  recent 
time  to  a  high  peak  of  technical 
I)erfection.  It  is  the  most  important 
instrument  for  making  visible 
atomic  disintegration  proces.ses  and 
for  detecting  the  small  particles 
ejected  by  the  bursting  nucleus. 
When  applying  a  strong  magnetic 
field  the  tracks  are  bent  and  form 
curves,  the  analysis  of  which  gives 
valuable  information  as  to  the  veloc¬ 
ity  of  the  particles  and  their  electri¬ 
cal  charge.  In  this  way  Anderson 
di.scovered  the  positron  for  which  he 
was  awarded  the  Nobel  prize  in 
physics,  1936. 

P.  L.  Kapitza,  of  Oxford,  has  con¬ 
ducted  strong  currents  from  a  bat¬ 
tery  through  a  coil  to  get  an  in¬ 
tensity  of  field  of  500,000  gauss. 
T.  F.  Wall  discharged  high  voltage 
condensers  to  get  an  intensity  of 
1,400,000  gauss. 

Although  these  methods  are  suit¬ 
able  for  producing  extremely  high 
intensities  of  field,  the  duration  of 
the  field  is  only  a  fraction  of  a  sec¬ 
ond.  To  produce  a  constant  mag¬ 
netic  field.  P.  Weiss  (Stra.s.sburg, 
France)  con.structed  a  strong  mag¬ 
net  in  co-operation  with  the  Maschi- 
nenfabrik  Oerlikon,  This  appara- 


Magnet  producing  50,000  gauss 


tus  has  recently  been  further  devel¬ 
oped.  The  essential  point  in  the  new 
construction  is  the  conic  form  of  the 
iron  core  within  the  coils.  When 
using  such  conic  cores  the  magnetic 
saturation  remains  in  moderate  lim¬ 
its  and  only  the  points  of  the  poles 
are  over-saturated. 

Above  is  shown  the  normal  type 
of  the  latest  Oerlikon  magnet.  The 
distance  between  the  poles  can  be  ad¬ 
justed  by  turning  the  wheels  with 
handles.  The  coils  consist  of  copper 
tubes  through  which  water  flows. 

The  current  consumption  is  8  to  10 
kw.  With  a  water  pressure  of  3  to  4 
atm.,  7  to  10  litres  per  minute  are 
consumed.  The  water  flowing  out  of 
the  magnet  is  only  15  to  20°  C. 
warmer  than  when  flowing  in. 
Therefore  it  would  be  possible  to 
overcharge  the  magnet,  but  the 
strength  of  field  would  not  increase 
proportionately  to  the  amperes. 

If  the  soft  iron  points  of  the  pole 
pieces  used  (see  above)  are  ex¬ 
changed  for  others  made  of  ferro- 
cobalt  the  intensity  of  field  increases 
8  to  10  per  cent,  thus  exceeding 
50,000  gauss. 

The  cores  are  bored  through  in 
axial  direction.  Through  these  cylin¬ 
drical  holes,  for  instance,  light  rays 
can  be  passed  in  order  to  study  the 
magnetic  influence  exercised  on  them. 


Fields  prttduced,  func¬ 
tion  of  ampere  turns, 
separation  5  of  pole 
pieces 


SOmm 
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The  Strobotron 


■ 


A  new  cold-cathode  gas-filled  control  tube  capable  of  carrying  large  peak  currents.  The 
tube  is  ready  for  instant  operation  without  time  delay  for  cathode  heating 
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By  K.  J.  GERMESHAUSEN  and  H.  E.  EDGERTON 


ManxnrliiiHfttH  Inxtitiite  of  Tt'chnologii 
Cniiibrulgc,  Mtii<nachuHrtts 


IN  THIS  paper  a  tube,  named  the 
Strobotron,  is  described  which 
has  been  developed  primarily  for 
producing  stroboscopic  light.  Its 
unique  characteristic  is  a  cold  cath¬ 
ode  which  under  certain  conditions  is 
capable  of  carrying  very  large  peak 
currents  with  a  low  tube  drop,  and 
with  a  life  sufficient  for  its  uses. 

The  Strobotron  has  applications 
other  than  that  of  a  stroboscope,  such 
as  its  use  as  a  relay,  or  trigger  tube, 
for  various  purposes.  Its  particular 
value  in  such  cases  is  the  lack  of 
power  and  time  delay  required  for 
cathode  heating,  and  the  effectiveness 
with  which  the  tube  operates. 

Circuits  for  the  proper  use  of  the 
Strobotron  are  quite  unusual,  since 
they  are  designed  to  put  very  large 
peak  currents  through  the  tube  to 
start  the  arc  discharge. 

The  Strobotroji  Tube 

Figure  1  is  a  photograph  and  dia¬ 
gram  of  the  Strobotron  No.  631-Pl 
as  used  in  the  “Strobotac,”  an  ad¬ 
justable-frequency  stroboscope  man¬ 
ufactured  by  the  General  Radio 
Company.  This  particular  instru¬ 
ment  has  been  designed  to  be  used 
as  a  tachometer  and  has  a  dial  read¬ 


ing  directly  in  speed  with  a  funda¬ 
mental  range  of  600-14,500  r.p.m. 

The  Strobotron  is  shown  with  two 
grids,  although  this  is  not  necessary 
in  the  usual  circuit  application.  Both 
grids  are  needed  in  the  Strobotac 
because  of  the  peculiar  output  wave¬ 
form  of  the  oscillator  that  is  used. 
The  grids  may  be  tied  together  and 
used  as  a  common  element,  or  the 
inner  grid  may  be  connected  to  the 
cathode  through  a  resistor. 

The  cathode  consists  of  a  caesium 
compound  which  breaks  down  under 
the  action  of  the  cathode  spot  and 
liberates  free  caesium.  Caesium  was 
chosen  because  of  the  ease  with 
which  it  permits  spot  formation,  and 
to  facilitate  further  the  formation 
of  the  cathode  spot  the  surface  of  the 
cathode  is  made  rough  and  irregular. 
Surrounding  the  cathode  is  a  cera¬ 
mic  insulator  which  concentrates  the 
discharge  on  the  active  portion  of 
the  cathode,  and  also  serves  as  a  sup¬ 
port  for  the  inner  grid.  During  the 
treatment  of  the  tube  some  caesium 
metal  is  sputtered  on  the  inner  grid, 
located  just  above  the  cathode,  and 
this  materially  reduces  the  break¬ 
down  voltage  between  it  and  other 
elements  of  the  tube.  This  is  an 
advantage,  since  it  makes  the  tube 


easier  to  start;  that  is,  it  requires 
a  lower  starting  voltage  on  this  grid 
to  initiate  the  main  discharge.  The 
inner  grid  may  also  be  treated  in 
other  ways  to  reduce  the  breakdown 
voltage  and  thus  assist  in  starting 
the  tube.  The  outer  grid  in  the  tube 
shown  is  of  graphite,  and  it  effec¬ 
tively  shields  the  cathoae  and  inner 
grid  from  the  anode.  Graphite  has 
been  used,  since  the  breakdown  volt¬ 
age  between  it  and  the  anode  is  not 
seriously  reduced  by  conden.sed  or 
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Fig.  I  Photograph  and  drawing  of  Strohotron  showing 
arrangement  of  the  elements 


Outer  grid 
Inner  grid 
Cathode 


sputtered  caesium  from  the  cathode 
duriiiK  the  life  of  the  tube. 

Above  the  grid-cathode  structure 
is  located  the  plate  upon  a  vertical 
glass-insulated  support.  The  dis¬ 
charge  of  a  condenser  through  the 
tube  produces  a  luminous  column  of 
light  about  three-eighths  of  an  inch 
in  diameter  from  anode  to  cathode. 

Xeon  gas  at  a  pressure  of  1.5  cm. 
is  used  in  the  tube  illustrated.  Ar¬ 
gon  gas  has  also  been  used,  and  oper¬ 
ates  very  satisfactorily,  but  does  not 


produce  as  much  visual  effect  as  neon. 

A  companion  paper,  with  Profes¬ 
sor  W.  B.  Nottingham  and  Mr.  A.  B. 
White  as  co-authors,  is  to  follow, 
which  describes  in  detail  the  elec¬ 
trical  characteristics  of  the  Strobo- 
tron.  In  particular  the  conditions 
for  starting  are  discussed,  from  the 
standpoint  of  applied  voltage  and 
required  grid  current,  for  different 
circuit  conditions.  A  brief  discus¬ 
sion  of  the  characteristics  of  the 
Strobotron  and  a  few  circuit  applica¬ 
tions  have  been  given  in  a  paper  by 
the  present  authors.* 

As  mentioned  before,  the  Strob¬ 
otron  is  useful  as  a  source  of  strob¬ 
oscopic  light.  The  essential  diagram 
of  the  circuit  in  the  General  Radio 
Company’s  “Strobotac”  is  shown  in 
Fig.  2.  A  flash  of  light  is  produced 
from  the  Strobotron  each  time  that 
the  4  ;uf  condenser  is  discharged 
through  the  Strobotron.  Control  of 
the  flashing  rate  is  effected  by  im¬ 
pulses  from  the  relaxation  oscillator 
whose  circuit  is  shown  at  the  right 
of  the  diagram.  A  negative  po¬ 
tential  is  suddenly  impressed  on  the 
inner  grid  when  the  left  tube  in  the 
oscillator  begins  to  conduct  cur¬ 
rent  in  the  course  of  the  oscillation 
cycle.  The  potential  difference  be¬ 
tween  the  inner  grid  and  the  outer 
grid  at  this  moment  exceeds  the 
starting  potential,  and  the  Strob¬ 
otron  flashes.  The  frequency  of 
oscillation  is  controlled  by  the  po¬ 
tentiometer  instead  of  the  usual 
method  of  varying  grid  R  or  Cs  with 
the  grid  resistors  connected  to  the 
cathode.  Changes  of  scale  are  ef¬ 
fected  by  changing  the  circuit  con¬ 
stants  in  the  grid  circuits  of  the 


100,000* 


Sfrobo- 

hron 


^ - 1 1  s  Inpuh 


Fig.  ^  Circuit  diagram  for  a  circuit  to  operate  a  message  counter 
register  for  recording  cosmic  rays  by  a  Geiger-Muller  tube 
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oscillator.  (With  C»  as  0.02  pf  the 
range  of  frequency  is  approximately 
10-60  cycles  per  second;  with  Cs  as 
0.005  pf,  40-240  cycles.) 

A  simple  stroboscope  that  pro¬ 
duces  one  flash  per  cycle  of  the 
supply  voltage  is  conveniently  ar¬ 
ranged  according  to  Figure  3.  Dur¬ 
ing  the  half-cycle  that  the  recti¬ 
fier  charges  the  condenser  the 
grid-bias  voltages  on  the  Strob¬ 
otron  are  such  as  to  prevent  start¬ 
ing.  On  the  other  half  of  the  cycle, 
however,  the  inverse  voltage  across 
the  rectifier  is  applied  to  the  outer 
grid  and  reaches  the  critical  start¬ 
ing  potential  at  a  given  part  of  the 
a-c  voltage  wave.  Several  small 
stroboscopes  of  this  type  are  in  use 
in  the  Electrical  Machinery  Lab¬ 
oratories  at  the  Massachusetts  In¬ 
stitute  of  Technology  for  measuring 
the  slip  of  induction  motors  and  the 
power  angle  of  synchronous  motors. 

A  counting  circuit  that  has 
proved  useful  for  recording  the 
pulses  from  Geiger-Muller  tubes  is 
shown  as  F'ig.  4.  The  counter. 
Western  Electric  message-register 
type  No.  5T.  is  actuated  when  the 
condenser  is  charged  from  the 


Completely  assembled  bO-cycle  stro¬ 
boscope  in  use  at  MJ.T, 


L 


5  Circuit  diagram  of  a  light-flashing  apparatus  for  the  photo¬ 
graphic  recording  of  spectral  data 


transformer  through  the  80  tube. 
Tests  show  that  the  condenser  is 
fully  charged  in  li  or  2  cycles  of 
the  60-cycle  supply,  and  the  ballistic 
effect  of  the  force  resulting  from 
this  charging-current  surge  in  the 
recorder  causes  it  to  register.  The 
steady  current  to  the  amplifier  is 
not  enough  to  hold  the  counter  in  a 
closed  position. 

A  negative  surge  on  the  grid  of 
the  amplifier  tube  causes  the  plate 
voltage,  and  thereby  the  outer-grid 
voltage,  of  the  Strobotron  to  increase 
to  the  critical  value  at  which  the 
Strobotron  starts.  Once  a  glow  is 
started,  it  immediately  transfers 
into  an  arc  and  discharges  the  2  pf 
condenser  to  almost  zero  voltage.  A 
count  is  recorded  when  the  condenser 
is  again  charged  from  the  rectifier 
and  transformer. 

Sensitivity  control  is  effected  by 
the  adjustable  resistance.  This  re¬ 
sistor  is  increased  to  as  large  a 
value  as  can  be  used  without  the 
self-operation  of  the  Strobotron. 
The  drop  across  the  amplifier  tube 
is  used  as  a  positive  bias  for  the 
Strobotron,  and  the  larger  it  is,  the 
smaller  will  need  to  be  the  surge  to 
reach  the  critical  potential  at  which 
the  tube  starts. 

The  counting  speed  of  the  above 
circuit  is  determined  by  the  counter, 
that  is,  about  ten  a  second  with  the 
Western  Electric  Type  5T.  With 
higher-speed  counters  the  same  t3T)e 
of  circuit  can  be  used,  utilizing  if 
necessary  a  direct-current  source  in¬ 
stead  of  the  rectified  alternating- 
current  supply. 

A  Strobotron  is  used  in  an  ap¬ 
paratus  for  recording  data  in  the 
automatic  wave-length  comparator*, 
a  new  model  of  which  is  now  being 
constructed  by  Professor  G.  R.  Har¬ 
rison,  of  the  Physics  Department  at 
the  Massachusetts  Institute  of  Tech¬ 


nology.  The  function  of  the  Strob¬ 
otron  is  to  turn  on  an  intense  light 
source  which  photographs  a  high¬ 
speed  rotating  counter  that  shows 
the  wave-length  of  the  spectral  line. 
A  quick  flash  is  needed,  since  the 
counter  wheel  rotates  1000  times  a 
minute.  Figure  5  is  a  circuit  dia¬ 
gram  of  the  Strobotron  circuit  and 
the  amplifier  with  it  for  timing  the 
flash.  A  negative  surge  to  the  grid 
of  the  type  27  amplifier  tube  in¬ 
creases  the  positive  bias  on  the  outer 
grid  of  the  Strobotron,  and  turns  it 
on  at  the  instant  a  spectral  line  cen¬ 
ters  on  a  slit  as  the  plate  moves 
along.  The  resulting  surge  of  cur¬ 
rent  in  the  Strobotron  circuit  passes 
through  the  primary  of  a  spark  coil 
and  produces  a  high  voltage  on  the 
secondary,  which  in  turn  starts  the 
argon  stroboscope  lamp.  Either  the 
voltage  or  the  pressure  of  gas  in 
the  argon  lamp  is  adjusted  until  the 
lamp  does  not  flash  by  itself  but  is 
always  flashed  by  the  spark  coil. 

The  Strobotron  has  been  used  in 
the  Aberdeen  chronograph  spark¬ 
recording  apparatus.  A  circuit  of 
the  type  shown  in  Figure  5  is  used, 
except  that  the  output  from  the 
spark  coil  is  connected  directly  to 
the  marking  electrodes  that  direct 
the  spark  through  the  moving  waxed 
paper.  Instantaneous  control  of  the 


starting  of  the  spark  is  thereby  ob¬ 
tained  without  requiring  an  appre¬ 
ciable  amount  of  electrical  power  in 
the  control  circuit. 

As  a  final  example  of  typical  uses 
of  the  Strobotron  Figure  6  shows 
a  satisfactory  method  for  starting 
mercury-arc  rectifier  tubes.  The 
function  of  the  Strobotron  in  this  ex¬ 
ample  is  the  same  as  in  the  one  de¬ 
scribed  in  connection  with  Figure  5, 
that  is,  to  impress  (momentarily)  a 
very  high  potential  to  start  the  main 
discharge.  A  condenser  (3  pf)  is 
quickly  discharged  into  the  spark 
coil  Vi  at  the  instant  the  potential  on 
the  tube  inner  grid  reaches  the  criti¬ 
cal  potential.  The  high  voltage  from 
the  spark  coil  when  connected  to  the 
external  starting  band  of  the  mer¬ 
cury  tube  starts  a  cathode  spot  at 
the  junction  of  the  mercury  and 
glass.  At  the  end  of  the  half-cycle 
the  tube  goes  completely  out,  but  is 
restarted  at  the  desired  portion  of 
the  next  cycle  by  another  surge  of 
voltage  from  the  Strobotron  circuit. 
The  phase-shift  method  of  control¬ 
ling  the  output  is  effected  by  varying 
the  phase  of  the  tripping  voltage 
with  respect  to  the  applied  plate 
voltage  on  the  mercury-arc  tube. 
This  same  type  of  circuit  has  also 
been  used  for  starting  ignitrons. 

Professors  Gray  and  Nottingham 
at  the  Massachusetts  Institute  of 
Technology  have  used  a  circuit  of  the 
type  shown  in  Figure  6  to  operate 
a  spot  welder  for  half-cycle  welding. 
A  paper  describing  the  circuit  ar¬ 
rangement  will  be  published  by  them 
in  the  Review  of  Scientific  Instru¬ 
ments. 
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Universal  Performance  Curves  for 
Tuned  Transformers 


By  J.  E.  MAYNARD 

fhnrrnl  EIrcIric  Vo. 
Itriilgi  port ,  Vonn. 


THP]  DESIGN  and  calculation  of 
tuned  transformers  for  a  par¬ 
ticular  purpose  is  a  somewhat  in¬ 
volved  and  complicated  process  which, 
very  fortunately,  can  be  frreatly 
simplified  throujrh  the  use  of  tw'o 
families  of  curves  which  prive  the 
attenuation  and  the  phase  displace¬ 
ment  of  the  transformer  as  functions 
of  a  selectivity  variable  and  a  par¬ 
ameter.  The.se  universal  perfor¬ 
mance  curves  may  be  applied  to  any 
physical  situation  when  the  proper 
conversion  factors  are  used,  and  can 
be  u.sed  in  desijyn  work,  or  to  deter¬ 
mine  quickly  the  selectivity  and  band 
pass  performance  of  a  priven  .set  of 
coupled  coils. 

The  assumptions  on  which  the 
mathematical  work  underlyinpr  this 
article  depend  are: 

(1)  The  Q  of  the  transformer 
circuits  over  a  narrow  frequency 
ran)?e  may  be  considered  constant. 

(2)  The  Q  of  the  circuits  is  suffi¬ 
ciently  high  so  that  parallel  and 
series  resonance  occurs  at  the  same 
frequency,  i.e.,  that  for  which  wL  = 
l/a)C. 

'  3)  No  feed-back  exists  in  the 
tul)e  circuits. 

•  I  4)  The  coupling  between  the  two 
coils  is  purely  reactive. 

These  assumptions  may  readily 
be  accepted  for  most  practical  situ¬ 
ations  or  allowances  may  be  made 
in  cases  for  which  these  assumptions 
are  violated.  Assumption  (3)  will 
not  always  be  strictly  tenable. 


al.so  be  considered  as  part  of  these 
conductances. 

By  writing  the  Kirchoff  equations 
for  the  various  meshes  of  the  equiv¬ 
alent  circuit  and  making  the  proper 
substitutions  and  transformations, 
it  can  be  shown  that  for  positive 
values  of  mutual  inductance,  M,  be¬ 
tween  the  transformer  coils  there  is 
a  frequency  of  infinite  attenuation, 
f„,  for  which  the  inductive  and 
capacitive  coupling  are  equal  and 
opposite  or  for  which  Kl/wL  = 
K,  toC.  It  can  also  be  shown  that  for 
the  cases  in  which  either  type  of 
coupling  predominates  (or  the  two 
types  of  coupling  are  of  like  sign) 
the  resultant  coupling,  K,  may  be 
treated  as  a  total  or  net  coupling. 


The  equivalent  circuit  of  the 
transformer  which  was  used  in  the 
analytical  work  is  shown  in  the 
schematic  wiring  diagram  and  close¬ 
ly  approximates  the  circuits  u.sed  in 
practice,  in  which  both  inductive 
and  capacitive  coupling  exists  be- 
tw’een  the  coils.  Under  a.ssumption 

(3)  all  circuit  lo.sses  may  be  repre- 
.sented  by  the  inclusion  of  these 
lo.sses  in  the  parallel  conductances, 
Gi  and  G^  For  instance,  the  load¬ 
ing  on  the  primary  of  the  trans¬ 
former  due  to  the  internal  plate  re¬ 
sistance  of  the  driver  tube  will  be 
included  in  G„  or  the  loading  on  the 
secondary  of  a  transformer  used  to 
drive  a  diode  will  be  included  in  G,. 
The  losses  in  shielding  and  coils  will 


Equivalent  circuit  upon  which  the  mathematical  analysis  is  based 
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the  absolute  value  of  which  is 
constant  near  resonance.  Under 
these  conditions,  w'hich  will  be  as¬ 
sumed  hereafter,  performance  of 
the  transformer  near  resonance  is 
the  same  regardless  of  the  type  or 
combinations  of  coupling  employed. 
This  enables  us  to  obtain  a  symmet¬ 
rical  performance  curve,  so  that  only 
one  half  of  the  cur\’e  need  be  given 
in  the  charts. 

Calculations  for  Determining 

Universal  Selectivity  and  Uni¬ 
versal  Phase  Shift  Graphs 

The  performance  of  the  trans¬ 
former  is  given  by 

ip/eg  =  ±  jyf  Aon"  . (1) 

in  which  2/  is  a  complex  expression 
determining  the  selectivity  of  the 
netw’ork  near  resonance,  A.  is  a  real 
coefficient  which  is  a  function  of 
resonant  circuit  impedance,  coupling 
between  primary  and  secondary,  pri¬ 
mary  to  secondary  inductance  ratios 
and  circuit  quality  factors,  and  n, 
w'hich  we  may  treat  as  unity  near 
resonance  is  the  ratio  of  any  fre¬ 
quency  /,  to  the  resonance  frequency, 
fo.  It  can  be  shown  that  ip  as  used 
is  directly  proportional  to  the  grid 
voltage  of  the  tube  driving  the  trans¬ 
former.  If  we  let  the  absolute  mag¬ 
nitude  of  2/  be  designated  as  Y,  then 

y  =  [u(i  +  ar-{- 

(1  —  at"- +  aK"-Q"-)^]K  . .  (2) 

where  t  is  the  tangent  of  the  phase 
angle  between  secondary  voltage 
and  current  and  is  a  function  of 

where  a  is  Qi/Qs,  K  is  the  total  or  net 

coupling  given  by  ±  —  n  Kc,  and 

Q  is  the  quality  factor  of  the  sec¬ 
ondary  circuit. 

This  equation  has  the  advantage 
that  it  may  be  reduced  to  a  form 
containing  an  independent  variable 
associated  with  the  circuit  selectiv¬ 
ity,  S,  a  dependent  attenuation  var¬ 
iable,  M,  and  a  parameter,  h.  In 
order  to  effect  this  transformation, 
it  will  be  convenient  to  adopt  a  some¬ 
what  more  abbreviated  notation. 
For  example,  let 

'  =  s(4r) . 


frequency  defined  byf=^ 


^  =  . w 

and 

ajro’  =  [(i  +  (,)(L:^)’«1_i..(5) 

Substituting  Eq.  (3),  (4)  and  (5) 
into  Eq.  (.2'),  we  obtain  for  the  at¬ 
tenuation,  the  expression, 

^=[45^+  (1— S^+5*)*]*  ...(6) 

Let  Mo  be  the  attenuation  at  reso¬ 
nance,  for  w’hich  S  =  O.  The  at¬ 
tenuation,  M,  at  any  frequency,  /, 
compared  with  the  attenuation  at 
resonance,  j/„,  is  then  given  by 

u/uo  =  [4S*+(1— S*+  6*)*]*/(l  +  b*) 

(7) 

The  values  of  Eq.  (7)  are  plotted 
as  the  universal  selectivity  curves, 
page  17. 

It  is  desirable  to  determine  the 
attenuation  in  terms  of  some  stated 
band  width,  and  the  relation 

A/=  (1 -f-a)/.S/4aQ  . (8) 

which  may  be  derived  from  Equa¬ 
tion  (3)  and  the  definition  of  t, 
permits  interpretation  of  the  selec¬ 
tivity  curves  in  terms  of  band  width, 
2A/.  The  curves  have  been  plotted 
for  positive  values  of  S  only,  since 
the  assumptions  which  have  been 
made  lead  to  curves  symmetrical 
about  the  resonance  point. 

The  vector  form  of  Eq.  (6)  is 

M=  (1— 6’) -f;2S  . (9) 

in  addition  to  which  we  have  a 
±90®  phase  rotation  {±j  Equation 
(1))  from  which  the  phase  shift 
of  the  transformer  becomes 

e  ±  90°  =  [tan-^  2S/  ( 1  —  S'  -f  6*)  ] 
±90“  (10) 

the  polarity  of  the  additional  90“ 
rotation  being  positive  for  the  neg¬ 
ative  values  of  K  or  negative  for 
positive  values  of  K. 

A  family  of  curves  representing 
Eq.  (10)  is  shown  as  the  universal 
phase  shift  curves.  The  universal 
selectivity  and  universal  phase  shift 
curves  determine  the  performance  of 
a  transformer,  under  the  assump¬ 
tions  which  have  been  made,  and 
enable  us  to  determine  the  attenu¬ 
ation  and  phase  shift  (relative  to 
resonance)  when  we  know  a,  /»,  S, 
and  Q. 

A  convenient  set  of  formulas 


which  enable  us  to  estimate  quickly 
the  selectivity  and  band  pass  per¬ 
formance  of  a  given  set  of  trans¬ 
formers  operated  in  cascade  may  be 
obtained  from  these  universal  curves. 
For  adjacent  channel  attenuation  of 
three  or  more  (m/Mo^3),  and  for 
values  of  b  between  0.2  and  1.41 
(which  includes  most  cases  of  usual 
design),  Eq.  (7)  may  be  approxi¬ 
mated  by 

m/m„  =  S'/(1  +  h')  [for  5^1]  (11> 

u/Uo  =  (1  +  Sr-’)/(l  -t-  ft*) 

[for  h  <  1] . (12) 

The  following  formulas  for  the 
“nose”  of  the  curve,  ba.sed  on  an 

overall  attenuation  of  —  =  2  may  be 

■ 

derived  from  Eq.  (7) : 

For  u/u„  =  2, 

=  6*— 1  +  2(l  +  b’+6‘)‘  (13) 

For  u/u„  =  4  ^ 

5“  =  V—  1  -h  (2  +  26*)*  ....  (14) 

For  u/Uo  =  ^  T 
S'  =  b*  —  1  4- 

(1.59  —  0.826'  -f  1.596‘)  .  .  (lo  ) 

The.se  equations  allow  calculations 
based  on  an  equivalent  single  trans¬ 
former  whose  attenuation,  raised  to 
a  power  corresponding  to  the  num¬ 
ber  of  transformers  u.sed,  will  pro¬ 
vide  an  estimate  for  the  overall  per¬ 
formance  of  the  .system.  Our  known 
quantities  are  an  adjacent  channel 
attenuation  figure  for  u/Uo,  and  defi¬ 
nite  band  widths  by  means  of  which 
S  becomes  a  numerical  linear  func¬ 
tion  of  Q.  The  unknow’P  quantitie.s 
are  then  6  and  Q.  Eliminating  6 
between  Eq.  (11)  and  any  one  of 
the  last  three  equations  permits  de¬ 
termination  of  the  Q  required  to 
meet  the  specified  performance.  The 
corresponding  value  Of  6  will  then 
indicate  the  shape  of  curve  by  ref¬ 
erence  to  the  univer.sal  chart.  Of 
course  the  problem  to  be  solved  may 
be  set  up  for  any  two  unknowns  in 
the  above  system  of  equations,  and 
each  transformer  may  be  solved  in¬ 
dividually  rather  than  assuming  all 
transformers  identical,  but  Eqs.  (14) 
and  (15)  only  apply  for  two  or  three 
identical  transformers. 

It  is  often  desirable  to  know’  the 
performance  of  a  single  tuned  cir¬ 
cuit,  and  this  may  also  be  expressed 
by  means  of  a  universal  curve.* 
•  Kadio  EngineeriiiK.  by  F.  E.  Ternian,  p.  •>- 
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The  equations  for  selectivity  and 
phase  shift  for  a  single  tuned  cir¬ 


cuit  are  given  by 

0’  =  tan-^  S  . (16) 

for  phase  shift,  and 

(1  +  5r’)5  . (17) 


for  attenuation  off  resonance  in 
terms  of  the  variables  already  used. 
The  phase  shift  and  attenuation 
curves  for  the  single  tuned  circuit 
are  given  in  dotted  lines  on  the  two 
families  of  curves. 

Use  of  Universal  Selectivity  and 

Phase  Shift  Curves  in  Practical 
Applications 

Some  numerical  examples  will 
serve  to  illustrate  the  use  of  these 
curves  and  formulas. 

Let  us  take  a  two-stage  amplifier 
operating  at  465  kc  resonant  fre¬ 
quency  for  the  first  case.  We  will 
assume  that  all  three  transformers 
are  identical;  tuned  circuit  imped¬ 
ances  may  be  kept  low  enough  so 
that  this  will  be  a  reasonable  ap¬ 
proximation.  Suppose  we  desire  to 
design  an  amplifier  to  have  critical 
curve  shape  (6  =  1)  with  all  coils 
identical  and  to  obtain  an  adjacent 
channel  attenuation  of  100,  what  Q 
will  be  required  and  what  will  be 
the  band  width  at  an  overall  atten¬ 
uation  of  2? 

The  equivalent  single  transformer 
will  have  an  adjacent  channel  atten¬ 
uation  of  100  or  4.65.  From  the 
universal  curve  for  6  =  1  we  find, 

for  —  =  4.65,  that  S  is  3.02.  At  the 

Uo 

adjacent  channel  A/  is  10  kc.  Since 
a  =  1  solving  Eq.  (8),  Q  is  70  for 
these  values  of  A/  and  S.  Solving  Eq. 
(16)  with  6  =  1  we  have  S  =  1.24. 
With  this  value  of  S  and  a  Q  of  70 
Eq.  (8)  gives  us  A/=  4.13.  Our  band 

width  (2 A/)  for-=  ^"2  is  then 

Uo 

8.26  kc.  This  will  be  the  band  width 
at  an  attenuation  of  2  for  three  of 
these  transformers  in  cascade  with 
a  Q  of  70  in  each  circuit.  We  might 
have  used  equation  (11)  instead  of 
the  curve  to  obtain  our  first  value 
of  S  which  would  then  have  been 
S  =  3.05. 

Let  us  take  a  slightly  different 
problem.  Suppose  we  have  coils  of 
120Q  available  (in  shield)  and  wish 
to  design  a  single  stage  amplifier 
using  these  coils  to  obtain  an  adja- 
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cent  channel  attenuation  of  50,  what 
will  be  the  shape  of  curve  and  band 
w’idth  at  an  attenuation  of  2,  using 
a  resonant  frequency  of  480  kc? 

In  single  stage  design  high  tuned 
circuit  impedances  are  normally 
used  to  obtain  high  gain.  We  will 
assume  in  this  case  that  circuits  re¬ 
duce  the  effective  Q  of  the  first 
transformer  primary  to  80  and  of 
the  second  transformer  secondary  to 
40.  This  leads  to  two  transformers 
w’hich  are  not  identical.  The  over¬ 
all  attenuation  of  50  at  the  adjacent 
channel  will  be  the  product  of  the 
attenuations  at  this  frequency  in 
each  transformer.  Since  the  second 
transformer  has  lower  Q  circuits  we 
will  call  for  less  attenuation  in  this 
transformer.  Let  us  require  an  at¬ 
tenuation  of  the  adjacent  channel 
of  10  and  5  in  the  first  and  second 
transformers  respectively.  This  de¬ 
fines  our  problem  and  we  may  now 
solve  for  each  transformer. 

The  solution  for  the  first  trans¬ 
former  gives  a  =  Q,/Q,  =  80/120  = 
0.067,  and  from  Eq.  (8)  we  find  A/ 
to  be  2.5S  (in  kc.).  Then  for  A/ 
=  10  kc,  we  have  S  =  4.  Solving 
Eq.  (12)  with  S  =  4,  and  u/Ua  =  10 
we  find  that  6*  =  0.7,  and  substitut¬ 
ing  this  value  into  Eq.  (14)  we  find 
for  u/Uo  =  -^2  that  S  =  1.19.  For 
this  value  of  S,  we  have  A/  = 
1.19  X  2.5  or  2.98  kc.  and  the  curve 
shape  is  defined  by  6  =  0.84. 


Second  transformer  and  overall 
attenuation  curves  for  second  il¬ 
lustrative  problem 


For  the  second  transformer,  Q,  = 
120,  Q,  =  40,  and  therefore  a  =  3.0. 
From  Eq.  (8)  we  determine  that  A/ 
=  4S  (in  kc.)  so  that  for  A/  =10kc. 
the  value  of  S  is  2.5.  Solving  Eq. 
(12)  for  u/Uo  =  5  and  S  =  2.5  we 
find  that  6’  =  0.45.  From  Eq.  (14), 
which  applies  for  ?</?/«  =  -^2,  the 
value  of  S  becomes  1.0  for  which 
value  A/  =  4.0  kc.  The  curve  shape 
is  defined  by  6  =  0.67.  We  may  con¬ 
clude  from  this  solution  that  the 
overall  band  width  for  an  attenua¬ 
tion  of  2  will  be  about  7  kc.  and 
the  curve  shape  will  be  somewhat 
less  than  critical. 

The  universal  curves  for  6  =  0.67 
and  6  =  0.84  may  be  obtained  by 
interpolation  from  the  universal 
curve  chart  and  redrawn  with  a  fre¬ 
quency  scale  for  abscissas  from  the 
conversions  A/ =  2.5S  and  A/  = 
4. OS.  The  products  of  attenuation 
on  these  curves  at  discrete  frequen¬ 
cies  will  then  provide  the  overall 
selectivity  curve  of  the  system  as 
shown.  It  will  be  noted  that  the 
adjacent  'channel  attenuation  is 
slightly  less  than  50.  This  is  due 
to  the  approximation  in  Eq.  (12). 

For  the  last  case,  assume  a  single 
tuned  circuit  w’ith  u  u„  =  4.  For 
this  attenuation  we  can  determine 
from  the  universal  selectivity  curve 
that  S  =  4,  and  for  this  value  of  S 
we  determine  from  the  phase  shift 
curve  that  0'  =  75°.  Actually,  for 
u/Uo  =  4,  the  value  of  S  is  3.87  and 
O'  =  75.5°  but  the  results  obtained 
graphically  are  sufficiently  accurate 
for  most  purposes.  For  greater  ac¬ 
curacy  the  single  tuned  circuit  equa¬ 
tions  on  page  17  may  be  used. 

The  use  of  these  curves  is  not,  of 
course,  limited  to  intermediate  fre¬ 
quency  amplifier  systems  such  a.s 
were  used  for  illustration.  For  in¬ 
stance,  band  pass  audio  filters  may 
be  designed  in  this  manner  as  sug¬ 
gested  in  a  previous  i.ssue  of  Elec¬ 
tronics*.  R.  f.  amplifier  circuits 
often  contain  preselectors  consisting 
of  tuned  coupled  circuits  which  var>’ 
in  resonant  frequency  with  the  tun¬ 
ing  of  the  receiver.  In  fact  any 
system  in  which  we  wish  to  select 
a  relatively  narrow  band  of  fre¬ 
quencies  from  a  given  spectrum 
lends  itself  to  treatment  by  tuned 
coupled  transformers  conforming  to 
the  universal  curves  presented  here¬ 
with  and  within  the  premises  on 
v'hich  the  analysis  rests. 

•  Resonant  Circuits  in  Audio  Service,  l.lec- 
ironies.  May,  1936. 
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Circttil  duiuram,  r.L  to  output  of  first  a.f.  This  tuner  employs  the  selective  circuits  used  in  the  well  known  ff'estern 

Electric  10.4  receiver 


A  Wide-band  Tuner 


Designed  for  reeeption  of  programs  from  local  stations,  this  TRF  tuner  delivers  sufficient 
output  to  drive  push-pull  2A3  tubes,  passes  sidebands  of  approximately  7.5  to  10  kc.,  and 
lias  sufficient  adjacent  channel  selectivitv 


This  tuner  was  desi{?ned  to  meet 
the  requirements  of  those  who 
wish  hijjh  fidelity  radio  reception 
from  hiprh  power  local  stations.  Many 
people  have  been  in  the  market  for 
a  hiffh  fidelity  receiver  for  some  time 
but  have  not  felt  like  payinj?  the 
money  for  a  one-microvolt,  all-wave 
receiver  when  they  wished  to  re¬ 
strict  their  listenini?  to  not  over  a 
half  dozen  stations  delivering  sev¬ 
eral  millivolts  of  signal.  The  tuner 
may  also  be  used  as  a  monitor  for 
broadcast  programs  by  advertisers 
or  any  others  interested  only  in 
local  proiframs. 

The  selective  element  is  made  up 
of  4  tuned  circuits  in  pairs  of  coupled 
or  band  pass  filter  circuits.  The 
coupling  of  negative  mutual  in¬ 
ductance  and  capacitance  insures  a 


By  W.  N.  WEE  DEN 

sensibly  constant  band  width  which 
can  be  varied  simply  by  changing 
the  capacity  of  the  coupling  con¬ 
denser.  A  diode  detector  is  fed 
from  this  selective  system  through 
an  untuned  transformer.  The  de¬ 
tector  is  followed  by  a  single  stage 
of  triode  a-f  amplification  which 
provides  sufficient  voltage  output  to 
load  up  push-pull  2A3  tubes  through 
a  proper  coupling  transformer. 

The  tuned  circuits  are  overcoupled 
and  exhibit  the  usual  curve  of  peaks 
separated  by  a  dip  at  resonance. 
This  dip  amounts  to  about  2  db  and 
is  not  considered  serious,  consider¬ 
ing  the  variation  in  response  of  the 
usual  loud  speaker.  A  10,000  cycle 
filter  made  up  of  a  tuned  trap  is 


located  in  the  output  of  the  first 
a-f  tube.  In  this  particular  receiver, 
the  trap  can  be  removed  at  will,  but 
in  general  it  is  advisable  to  have 
it  in  the  circuit.  On  any  good  night 
in  the  New  York  suburbs  the  beat 
notes  between  stations  makes  it 
quite  necessary  to  use  the  trap.  With 
a  7,500  cycle  side-band  an  attenua¬ 
tion  of  60-70  db  is  necessary  to 
eliminate  monkey  chatter. 

The  diagram  shows  that  the  coup¬ 
ling  impedance  consists  of  a  nega¬ 
tive  mutual  inductance,  a  resistance 
and  capacity.  The  negative  mutuals 
must  be  wound  by  hand.  For  check¬ 
ing  coil  inductance  and  condenser 
matching,  a  simple  test  method  is  to 
make  the  coil  or  condenser  section 
under  test  part  of  the  oscillatory 
circuit  of  a  simple  oscillator.  The 
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ing  is  no  fun  anyhow.  For  general 
use  the  tone  control  might  as  well 
not  be  included. 

The  second  r-f  stage  must  be  op¬ 
erated  with  sufficient  bias,  say  7  to 
volts  to  prevent  amplitude  distor¬ 
tion  when  it  is  supplying  60  volts 
peak  at  100  percent  modulation  to 
the  diode  circuit,  the  impedance  of 
which  is  about  50,000  ohms.  The 
audio  frequency  stage  is  conven¬ 
tional  except  that  its  grid  is  con¬ 
nected  to  one-half  the  diode  load 
to  improve  the  modulation  capabil¬ 
ity  of  the  detector.  If  insufficient 
output  is  secured,  the  a.f.  may  be 
connected  across  the  entire  diode 
load.  When  20  volts  are  applied 
to  the  diode,  approximately  100  volts 
( rms)  will  be  applied  between  the 
grids  of  a  push-pull  amplifier  when 
fed  by  a  2-1  transformer  from  the 
ffrst  a-f  stage. 

There  are  two  untuned  transform¬ 
ers  available.  Both  are  replacement 
items  and  may  be  secured  from  job¬ 
bers  or  factory  branches  handling 
these  lines.  One  is  a  Fada  unit 
which  gives  .somewhat  greater  out¬ 
put  above  1200  kc.  and  the  other  is 
a  Stromberg  Carlson  unit  which  is 
slightly  more  efficient  below'  650  kc. 
The  Fada  unit  is  more  compact. 


Front  view  showing  dial,  knobs  controlling  gain,  tone,  etc 


umplest  battery-operated,  unshield-  modulation  peaks  affected  the  A  VC 
id  oscillator  will  serve  although  it  action.  The  present  tuner  utilizes 
is  preferable  to  include  a  variable  a  linear  detector,  the  AVC  operates 
condenser  of  15  to  25  micro-micro-  only  on  the  carrier  and  is  unaffected 
farads  in  parallel  to  the  main  oscil-  by  the  modulation.  When  the  AVC 
iator  tuning  capacitor.  With  this  is  removed  for  manual  r-f  gain  con- 
luxiliary  condenser  set  at  midscale  trol,  modulation  does  affect  the  in- 
the  main  control  may  be  varied  un-  put  to  the  tuning  indicator  (6G5  on 
til  a  beat  is  produced  with  a  broad-  the  diagram)  so  that  a  slight  waver- 
:ast  station  (picked  up  by  the  re-  ing  of  the  shadow  is  seen.  This  does 
:eiver)  at  approximately  the  fre-  not  bother  the  tuning,  how’ever. 
^uency  desired  for  the  test.  Additional  data  on  the  negative 

By  cutting  the  various  sections  of  mutual  inductance  coupling  circuit 
the  tuning  condenser  into  the  oscil-  may  be  found  in  the  “Radio  Engi- 
latory  circuit,  it  is  possible  to  re-  neering  Handbook,”  2nd  Edition, 
tune  to  zero  beat  by  the  auxiliary  page  158,  in  Wireless  World,  Feb- 
condenser  and  the  discrepancy  in  ruary  18,  1931,  and  in  Radio  En- 
capacity  may  be  readily  noted.  By  gineering,  December  1936. 
bending  plates  it  is  possible  to  bring  Because  this  tuner  was  to  be  op- 
the  capacity  back  into  line.  As  most  erated  by  an  engineer  several  con- 
midget  condensers  are  of  the  straight  trols  were  placed  in  it,  which  would 
line  capacity  type  the  capacity  per  not  be  necessary  or  desired,  per- 
dial  degree  can  be  calculated  roughly,  haps,  for  more  general  use.  For 
Coils  may  be  checked  by  a  similar  example  the  slight  amount  of  AVC 
method.  The  accuracy  of  alignment  secured  from  the  detector  is  fed  back 
by  this  method  depends  upon  the  to  the  first  stage  and  a  switch  makes 
patience  of  the  operator.  An  accur-  it  possible  to  remove  this  voltage 
acy  of  0.1  per  cent  is  not  unattain-  and  to  control  the  r-f  gain  of  the  re- 
able.  ceiver  manually.  Selective  fading 

The  interesting  circuit  using  the  seems  to  be  tolerated  with  some¬ 
negative  mutual  inductance  was  first  what  more  enjoyment  when  the  re¬ 
described  by  E.  A.  Uehling  in  Elec-  ceiver  is  not  under  AVC.  A  tone  con- 
tronics,  September  1930,  and  was  trol  has  been  included  in  the  re¬ 
used  commercially  in  the  well  known  ceiver  but  has  never  been  used  by 
10-A  wide-band  receiver  of  Western  the  engineer  for  whom  the  set  was 
Electric.  That  receiver,  however,  made.  When  static  is  so  bad  that 
used  a  square  law  detector  so  that  a  tone  control  is  necessary,  receiv- 


rfea’  of  the  chassis  showing  general  biyoul 
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In  such  a  receiver  it  is  neces¬ 
sary  to  reduce  as  far  as  possible  any 
chance  of  noise  entering  the  cir¬ 
cuits.  Grid  and  plate  leads  must 
be  short  and  direct;  separate  leads 
should  run  from  each  brush  of  the 
gang  condenser,  a  single  point  on 
the  chassis  should  represent  ground 
for  diode  and  a-f  stages.  This  point 
should  be  near  the  diode. 

After  antenna,  ground  and  power 
supply  have  been  connected,  the  1st 
r-f  screen  voltage  should  be  ad¬ 
justed  (by  moving  clip  on  Electrad 
Truvolt  voltage  divider)  to  125  and 
the  cathode  to  plus  3.  Then  the  2nd 
61)6  screen  voltage  should  be  set 
at  125  to  150  (depending  on  signal 
strength)  and  its  cathode  to  plus 
8  volts. 

Then,  with  micro-ammeter  or 
magic  eye,  proceed  to  align  or  trim 
the  gang  condenser  <  Whole.sale 
Radio  Service  YH9705)  at  1400 
to  1500  kc. 

After  aligning  carefully,  the  screen 
voltages  may  need  to  be  reset  so 
that  with  AVC  operating,  the  weak¬ 
est  of  the  local  network  stations 
will  impress  8  to  10  volts  across 
the  diode  input  (80-100  microam¬ 
peres  through  the  100,000  ohm  load). 
If  the  AVC  fails  to  hold  down  the 
signal  with  greatest  field  strength 
to  20  volts,  readjust  screen-grid 
voltages,  and  if  no  satisfactory  com¬ 
promise  can  be  made — shift  the  AVC 
connection  to  point  B  from  A,  thus 
impressing  twice  the  control  voltage 
on  the  first  r-f  tube,  at  the  expense 
of  a  slight  increase  in  harmonic  dis¬ 
tortion.  Although  these  adjustments 
may  sound  tedious,  it  will  probably 
be  found  that  they  can  be  accom¬ 
plished  in  less  time  than  that  neces¬ 
sary  to  read  this  portion  of  the 
paper. 

Although  the  diagram  show's  the 
10,000  cycle  filter  (Philco)  in  the 
first  a-f  plate  circuit,  experience  has 
shown  that  a  Stromberg  Carlson  fil- 
(  ter  is  somewhat  more  satisfactory. 

I  It  is  higher  in  impedance  and  should 
*  be  placed  in  the  diode  load.  The 
(  connecting  leads  must  be  very  short, 
d  With  coils  as  described  and 
coupled  with  condensers  of  0.05  /if 
the  band  w’idth  is  approximately  20 
kc.  and  when  shunted  by  an  addi- 
L  tional  0.01  ^f  this  band  width  be¬ 
comes  approximately  15.  The  coils  are 
special  and  to  the  best  of  the  writ- 
^  er’s  knowledge  may  be  obtained  only 
from  J.  W.  Miller  Co.,  5917  South 


Main  St.,  Los  Angeles.  While  it  is  de¬ 
sirable  to  check  the  inductance  and 
the  capacity  of  the  several  units,  it  is 
true  that  reasonable  variation  be¬ 
tween  values  of  the  several  units  will 
not  cause  great  departure  from  sym¬ 
metry  of  resonance  curve  nor  appre¬ 
ciable  change  in  fidelity. 

A  Yaxley  switch  may  be  employed 
to  change  not  only  the  band  width 
but  in  the  narrow’er  position  to  in- 
.sert  the  whi.stle  filter  as  well.  This 
refinement  is  unnecessary  unless 
using  loud  speakers  which  are  flat 
to  10,000  cycles  or  better.  With  most 
single  speakers,  even  the  so-called 


high-fidelity  units,  sharp  cut  off  usu¬ 
ally  takes  place  between  six  and 
eight  thousand  cycles,  and  little  or 
no  difference  will  be  noted  between 
a  7,500  and  10,000  cycle  band  width. 

This  tuner  has  been  designed  to 
operate  with  an  efficient  signal  col¬ 
lector,  because  w’ide-band  reception 
is  w’orthless  unless  the  signal  to 
noise  ratio  is  high.  The  antenna 
should  be  at  least  20  feet  away  from 
wiring,  other  antennas,  metal  roofs, 
gutters,  etc.,  and  as  long  as  possible 
— at  least  75  to  150  feet.  A  good 
ground  plus  a  noise-reducing  leadin 
or  transmission  line  with  a  trans¬ 
former  at  each  end  are  very  desir¬ 
able.  A  metal  cabinet  to  prevent 
direct  pick-up  by  leads  or  condenser 
stators  will  be  desirable. 


The  loud  speaker  presents  a  prob¬ 
lem.  There  are  several  fine  speak¬ 
ers  now  available  which  are  satis¬ 
factory  up  to  6000  cycles  or  so,  but 
the  writer  has  found  that  it  takes 
one  of  the  few  double-unit  speakers 
to  really  make  a  wide-band  tuner 
show  up  its  capabilities.  The  nat¬ 
ural  resonance  of  the  cone  of  the 
speaker  should  be  in  the  neighbor¬ 
hood  of  30  cycles,  if  possible.  This 
calls  for  one  of  the  18  inch  or  simi¬ 
larly  large  dynamic  types  with 
plenty  of  field  excitation. 

Many  listeners  state  that  they 
find  little  advantage  to  extending 


the  audio  range  into  the  high  fre¬ 
quencies  unless  the  low  end  is  ex¬ 
tended  at  the  same  time.  Thus  a 
sm.all  baffle  with  a  cut-off  near  100 
cycles  is  distinctly  not  good  enough 
for  faithful  reproduction.  The  sev¬ 
eral  acoustical  systems  recently  de¬ 
veloped — such  as  the  labyrinth  of 
Mr.  Olney,  the  resonant  pipes  of 
RCA  Victor,  the  resonating  cones  of 
Philco  or  the  “bass  reflex”  principle 
of  Hugh  Knowles  of  Jensen — may  be 
effectively  employed.  In  the  latter 
system,  use  is  made  of  ports  in  the 
speaker  cabinet  which  are  approxi¬ 
mately  resonant  in  the  extreme  low 
frequency  range  of  the  cabinet  so 
that  in  relation  to  the  cubic  con¬ 
tent,  the  phase  of  the  back  radia¬ 
tion  of  the  cone  is  reversed. 


L  nder  chaisis  photo  showing  how 


little  is  needed  for  a  local  receiver 
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I 


LEFT 


Fig.  1 — Single  stage  charge 
and  discharge 


RIGHT 


Fig.  2— Uncoupled  case, 
with  various  time  constants 
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In  communication  and  industrial  control  vacuum  tube  circuits,  combinations  of  resistance 
and  capacity  produce  time  delays  which  play  important — although  often  uncalculated  and 
unexpected — roles.  How  to  calculate  and  how  to  use  these  delay  networks. 


There  are  many  purposes  for 
which  it  is  necessary  to  obtain 
a  current  proportional  to  the  ampli¬ 
tude  of  a  modulated  alternating  cur¬ 
rent,  but  with  the  alternating  cur¬ 
rent  filtered  out.  A  rectifier  and  a 
low-pass  filter  accomplish  this.  One 
of  the  most  recent  of  such  applica¬ 
tions  is  the  volume  expander  used 
in  the  RCA  Model  D-22  and  R-99 
radio-phonographs  in  which  loud  pas¬ 
sages  are  given  greater  amplification 
than  soft  passages,  thus  providing 
wide  volume  range’.  Other  examples 
are  the  shutter  or  galvanometer  bias 
systems  for  reducing  ground  noise 
from  photographic  sound  records*, 
compressor  or  automatic  volume  con¬ 
trol  circuits,  and  the  detection  or 
demodulation  of  modulated  radio-fre¬ 
quency  currents,  to  give  audio,  tele¬ 
vision,  facsimile  or  signaling  cur¬ 
rents. 

For  some  purposes  the  time  lag 
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introduced  by  the  filter  is  either  in¬ 
considerable  or  unobjectionable.  In 
other  applications,  such  as  volume 
compression  and  expansion,  or 
ground  noise  suppression,  the  lag  in 
action  constitutes  an  imperfection  in 
the  functioning  of  the  system,  which 
may  be  serious  unless  the  filter  ac¬ 
tion  is  fast  in  comparison  with  the 
maximum  rates  of  growth  or  de¬ 
crease  in  the  modulation.  For  ex¬ 
ample,  in  the  ground  noise  suppres¬ 
sion  system  used  with  photographic 
sound  records,  if  there  is  a  rapid 
increase  in  the  amplitude  of  the  re¬ 
corded  waves,  the  galvanometer  bias 
may  not  change  fast  enough  to  avoid 
cutting  the  tops  off  the  first  few 
waves,  or  in  the  case  of  a  volume 
compression  system,  delay  in  action 


may  result  in  failure  for  a  brief  in¬ 
terval  to  hold  down  the  amplitudes, 
with  consequent  overloading. 

It  is  thought  that  the  curves  and 
approximate  formulas  given  here 
may  prove  convenient  and  useful  to 
engineers  concerned  with  the  design 
or  use  of  such  filtering  c.rcuits,  in 
showing  the  manner  in  which  the 
output  voltage  or  current  of  a  resist¬ 
ance-capacity  filter  changes  in  re¬ 
sponse  to  a  sudden  change  in  input, 
and  giving  a  simple  way  of  estimat¬ 
ing  the  effective  time  constant  for 
two  stages. 

If  a  condenser  c  (charged  to  a 
voltage  Eo)  is  discharged  through  a 
resistance  r  the  voltage  e,  will  fall 
to  (1/t)  Eo  or  .368  £■„  in  T  =  rc  sec¬ 
onds.  Similarly  the  time  required 
for  it  to  charge  to  within  36.8%  or 
1/t  of  the  supplied  voltage  is  rc  sec¬ 
onds.  A  corresponding  definition  of 
the  “effective  time  constant”  for  a 
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f  oiispfaceol  0.1  sec. 
displaced  0.5  sec. 


Fig.  3 — Uncoupled  case,  ac~ 
tual  and  approximate  curves 
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Fig.  4 — Coupled  case  curves 


Resistance— Capacity  Circuits 


two-stage  filter,  may  be  adopted,  and  resistance  would  have  to  be  present 

although  such  a  definition  may  be  if  the  same  formulas  are  to  apply, 

more  or  less  arbitrary,  it  is  useful 
in  estimating  the  rapidity  of  action 
of  filters  of  the  resistance-capacity 

If  the  V( 

Tw’o  cases  are  considered,  (1)  in  stage  of 
which  the  second  stage  is  either  changed  fi 
isolated  from  the  first  by  a  tube,  or  applied  to 
else  the  connecting  resistance  is  so 
high  as  to  prevent  material  reac¬ 
tion  on  the  first  stage,  and  (2)  in 
which  the  stages  are  cascaded  in 
the  usual  manner  and  reaction  of 
the  second  stage  on  the  voltage 
across  the  first  condenser  is  taken 
into  account. 

Only  filters  of  the  resistance-ca¬ 
pacity  type  have  been  considered, 
although  the  general  conclusions 
might  be  applied  to  numerous  other 
combinations.  For  example  we 
might  be  interested  in  the  current 
through  ah  inductance  in  the  plate 
circuit  of  a  tube  having  a  resist¬ 
ance-capacity  filter  in  the  grid  cir¬ 
cuit;  or  in  the  velocity  of  a  mass, 
actuated  by  a  magnet,  the  current 
through  which  is  controlled  by  re¬ 
sistance  and  inductance.  In  the  last 
case  there  would  be  some  coupling 
between  the  stages,  and  mechanical 


with  higher  decrement,  and  there¬ 
fore  fairly  rapidly  becoming  negli¬ 
gible  (unless  n  and  k  are  nearly  the 
same). 

Using  “effective  time  constant” 
to  mean  the  time  required  for  e,  to 
fall  to  (l/«)£7,  or  .368  Eo,  it  may 
be  said  in  general  for  the  uncoupled 
case,  that  the  time  constant  for  the 
(1)  two  stages  is  approximately  equal 
to  the  sum  of  those  for  the  filter 
:on-  stages  taken  separately.  Table  I 
ross  shows  the  degree  of  approximation. 
The  same  is  true,  but  with  somewhat 
more  error  in  the  approximation,  if 
the  stages  are  coupled.  If  the  stages 
^  '  are  uncoupled,  it  makes  no  differ¬ 
ence  which  stage  comes  first.  If 
they  are  coupled  the  order  makes 
a  difference. 

(3)  If  we  are  concerned  with  the  time 
required  for  the  voltage  to  drop  to 
For  all  other  cases,  Eq.  (2)  is  ap-  a  lower  value  than  36.8%  of  the 
plicable.  The  two  terms  of  Eq.  (2)  initial  value,  or  with  how  quickly 
are  of  opposite  sign,  the  smaller  it  executes  a  smaller  change,  it  will 
term  being  negative,  and  the  larger  not  be  sufficient  to  depend  on  the 
exponent  goes  with  the  negative  effective  time  constant.  The  calcu- 
term.  The  value  of  e,  is  thus  rep-  lation  of  the  curves  from  the  form- 
resented  by  a  larger  term  with  a  ulas  indicated  is  comparatively  sim- 
decrement  corresponding  to  the  pie,  but  there  are  some  approxima- 
slower  of  the  two  filter  stages,  from  tions  which  may  be  of  use. 

which  is  subtracted  a  smaller  term  If,  in  the  case  of  uncoupled  filters. 


It  will  be  noted  that  if  n  =  fc  this 
is  indeterminate  and  for  this  special 
case 

e,  =  Eoint  -f  1) 
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Coupled  Siage  Case  H 


Fig.  5 — Coupled  and  uncoupled  two-stage  filters 


the  time  constant  for  one  filter  is  pressions  for  the  effective  time  con 
short  compared  with  the  other,  the  stant  for  the  two  stages, 
lower  part  of  the  curve  may  be 
approximated  by  a  single  exponential 
having  the  exponent  of  the  slower 
filter  circuit  and  displaced  along  the 
time  axis  by  the  time  constant  of 
the  faster  filter.  This  approxima¬ 
tion,  which  is  equivalent  to  ignoring 
the  smaller  term  in  Eq.  (2),  becomes 
poorer  as  the  time  constants  of  the 
two  filters  approach  equality,  and 
can  hardly  be  recommended  unless 
one  time  constant  is  at  least  twice 
the  other.  A  good  approximation 

for  the  case  of  equal  time  constants  Also  if  the  e.m.f.  is  of  the  form 
consists  in  a  simple  exponential  shown  in  Fig.  5-A, 
curve  of  time  constant  equal  to  1.4 
times  that  for  one  filter,  and  dis¬ 
placed  along  the  time  axis  by  .7  of 
the  time  constant. 


Case  II,  Coupled  Stages 

If  an  e.m.f.,  Eo,  of  the  form  shown 
in  Fig.  5-B  is  applied  to  the  two- 
stage  filter  Bi  and  Ci  are  given  by  the 
following  relations: 


1  —  milmt 


(1  4-  mirtCi 

1  —  nii/mt 

1  4- 


mi/nii 


TABLE  I.  l/n=0.5 

Uncoupled  case.  Comparison  of  ac¬ 
tual  and  approximate  time  constants. 


where  Wi 


1/k-hl/n 


ric,r*r, 

Although  in  the  above  formulas 
the  change  in  impressed  voltage  is 
either  from  0  to  Eo  or  from  Eo  to  0, 
they  show  the  manner  in  which  the 
voltages  Cl  and  c,  change  from  any 
initial  to  any  final  value.  For  cal¬ 
culating  such  a  case,  if  £*.  is  the 
initial  and  Eo  the  final  impressed 
voltage,  Eq.  1,  2,  3,  4  and  5  may  be 
used,  letting  Eo  in  the  formula  stand 
for  Eo  —  Eo,  and  the  total  voltages 
across  the  first  and  second  stages 


Since  in  the  uncoupled  case  the 
relative  impedance  of  the  two  filter 
sections  is  not  a  factor  in  determin¬ 
ing  the  buildup  or  decay  curve,  the 
cases  illustrated  are  representative 
of  about  all  of  the  conditions  likely 
to  be  encountered.  In  the  coupled 
case  there  are  so  many  variables 
that  only  a  few  of  the  many  pos¬ 
sible  combinations  can  be  illustrated, 
and  it  will  have  to  suffice  to  give  the 
formulas,  and  a  few  illustrations, 
together  with  some  approximate  ex¬ 


will  be  £"6  -f  Cl  and  Eo  +  ^2*  respec¬ 
tively. 

In  Fig.  4  curves  of  c*,  and  e„  cal¬ 
culated  from  Eq.  4,  are  plotted  for 
three  different  values  of  r,.  Only 
one  curve  for  Ci  is  shown  because 
the  other  two  lie  nearly  on  it.  Also 
a  curve  is  shown  for  the  case  where 
both  filter  stages  are  identical.  The 


TABLE  II.  Coupled  case. 

Actual  and  approximate  time  con¬ 
stants  compared. 


Tt 

tl 

fiCi  + 

(fi  +r2)Ci 

1  0  meg. 

0 . 44  sec. 

1 .58  sec. 

1 .50  sec. 

0.3 

0.47 

0.83 

0.80 

0  1 

0.496 

0.61 

0  60 

0.005 

0.499 

0.504 

0.505 

discharge  times  of  C,  and  C„  desig¬ 
nated  as  fa  and  f,  respectively,  deter¬ 
mined  from  the  curves  are  shown  in 
columns  3  and  2  of  Table  II.  Ap¬ 
proximate  values  of  ft  obtained  by  a 
combination  of  the  filter  constants 
are  shown  for  purposes  of  compari¬ 
son.  It  is  seen  that  a  reasonably 
good  approximation  to  f,  is  obtained 
simply  by  using  the  equation 

<1  =  (ri  rj)  Ca  -f  nci  . (7) 

The  largest  error  obtained  this  way 
for  the  cases  considered  is  4.6%. 
R,Ci  does  not  give  a  good  approxi¬ 
mation  to  fi.  The  smaller  Ct  com¬ 
pared  to  Cl  the  better  nc,  approxi¬ 
mates  the  value  f,.  In  any  case  f, 
and  f,  will  lie  within  limits  given  by 


the  relations 

fi;sr,(c, -f  Cj)  . (8) 

oo>  f,>  r.(c, -f  c,)  . (9) 

For  the  case  of  identical  stages  Eq. 

(4)  and  (5)  become 

0.382t  2.611t 

ea=1.17£„*  re  -0.17fio«  rc  (10) 

0.382<  2.61  It 


ei=0.724Soe  — 0.275J5o*  re  (11) 

In  a  following  paper  a  number  of 
circuit  equivalents  are  given  which 
are  useful  in  estimating  the  net 
resistance  of  circuits  by  which  con¬ 
densers  are  charged. 

BIBLIOGRAPHY 

*  r.  M.  Slnnett,  “Practical  Volume  Expan- 
alon”,  Electronics,  Nov.  1935. 

*  The  application  of  such  ayatema  la  dis- 
cua.><ed  in  papera  by  R.  U.  Townaend,  H 
McDowell  and  L.  E.  Clark,  Acad.  Motion  Fu¬ 
ture  Arts  A  Sdem-es,  Feb.  19.31  ;  H.  Kreuaer, 
Jour.  8.M.P.E..  June  1931  ;  E.  W.  Kellogp 
and  C.  N.  Batael,  Jour.  8.M.P.B.  Aug.  1931 ; 
and  H.  C.  Silent.  Jour.  8.MP.E.,  May  1932. 


1 


24 


February  J  937  —  ELECTRONICS 


‘■(.orrosidfi  of  a  tin 
plate  mused  by  a  mag¬ 
neto  -  striction  vibra¬ 
tions  at  20.000  CDS 


Professor  S.  S.  Rzhevkin, 
director  of  the  program^ 
studying  the  formation  of  a 
sodium  emulsion  by  the 
vibration  of  quartz  at  super¬ 
sonic  frequencies 


A  square  of  tin-foil,  pierced 
and  torn  by  the  action  of  high- 
intensity  supersonic  leaves 


Fountain  of  oil  caused  by 
submerging  a  piezo-quartz 
oscillator  in  transformer  oil 


SUPERSONICS 

The  Russian  Academy  of  Sciences  makes  a 
study  of  ahove-audible  sound  frequencies  and 
their  effects  in  the  fields  of  physics  and  biology 


Reverberation  room  for  study 
of  audible  and  super-audible 
sounds 


The  plant  at  the  right  tons 
grown  from  seed  subjected  to 
supersonic  vibrations  for  three 
minutes.  The  other  plant  was 
not  treated  hut  grown  under 
identical  conditions 


<3 
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Tele  touch 
camera 


Teletouch- 

camera 


Store  window 
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Three  wire 
receptacle 
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switch 


To  power  supply  line 
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Corporation 


Cabinet  of  capacity -relay  burglar  alarm 


Based  on  the  patents  of  Professor  Theremin,  the  Teletouch  Corporation  makes  a  business 
of  supplying  electronic  devices  for  various  commercial  purposes.  The  story  of  an  organ¬ 
ization  which  makes  industrial  electronics  pav 


Back  in  1928,  most  readers  of 
Electronics  will  remember,  a  new 
type  of  electronic  musical  instru¬ 
ment  appeared.  It  was  called  the 
Theremin,  after  its  inventor.  Profes¬ 
sor  Leon  Theremin,  and  for  a  while 
it  seemed  that  it  might  become  per¬ 
manently  established  in  the  musical 
arts.  The  instrument  operated  on 
the  principle  of  body  capacity,  the 
performing  artist  changing  the  posi¬ 
tion  of  his  body  and  his  hands  with 
respect  to  several  electrodes  protrud¬ 
ing  from  the  instrument.  These 
changes  produced  widely  varying 
pitches  of  sound,  generated  electri¬ 
cally  in  oscillator  circuits  and  fed 
to  a  loud  speaker.  Not  only  was  it 
possible  to  change  the  pitch  of  the 
sound,  but  also  to  alter  materially 
its  timbre.  Several  concerts  on  the 
Theremin  were  given,  and  the  instru¬ 
ment  was  widely  publicized.  How¬ 
ever,  the  difficult  and  unusual  tech¬ 
nique  required  in  playing  the  in¬ 
strument,  'together  with  the  effect 
of  the  depression,  prevented  its  wide¬ 
spread  use.  Today  interest  in  elec¬ 
tronic  music  seems  to  have  shifted 
to  instruments  of  the  keyboard  or¬ 
gan  type  and  the  Theremin  is  still 
more  or  less  a  dormant  issue. 

But  Professor  Theremin  is  very 
far  from  dormant.  As  research  di¬ 
rector  of  the  Teletouch  Corporation, 
he  is  pursuing  an  active  career  in 
the  application  of  electron  tubes  to 


Set-up  of  Teletouch  Ray  for  automatic  windoui-lighting 
control 


the  needs  of  commerce  and  industry. 
The  Teletouch  organization,  deriving 
its  original  impetus  from  a  musical 
instrument  which  did  not  pan  out, 
has  applied  many  of  the  principles 
used  in  that  instrument  to  various 
forms  of  electronic  control  which 
have  met  with  considerable  success. 

The  basic  Theremin  patent  has  to 
do  not  with  the  use  of  body  capacity 
itself,  as  a  control  element,  but  with 
the  compensation  of  the  capacity- 
sensitive  circuit  against  slow  changes 
in  capacity  and  other  disturbing  fac¬ 


tors.  This  principle,  outlined  in  U. 
S.  Patent  No.  1,658,953  is  essentially 
as  follows:  A  heating  coil  or  other 
thermal  element  having  thermal  in¬ 
ertia  is  connected  mechanically  to  a 
condenser  in  a  tuned  circuit.  The 
heating  current  of  the  coil  is  sup¬ 
plied  from  the  plate  circuit  of  a  vac¬ 
uum  tube,  whose  grid  voltage  is  con¬ 
trolled  by  changes  in  capacity  in  the 
tuned  circuit.  If  any  change  in 
capacity  occurs,  the  heating  current 
is  changed  in  such  a  manner  as  to 
compensate  for  the  change,  the  ther- 
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mally  controlled  condenser  being 
brought  into  play  to  cause  the  com¬ 
pensation.  If,  however,  the  change 
in  capacity  is  rapid,  then  the  thermal 
delay  in  the  coil  prevents  immediate 
compensation,  so  the  frequency  of 
the  tuned  circuit  changes,  thereby 
actuating  the  relay.  The  circuit 
compensates  for  slow  changes,  there¬ 
fore,  but  not  for  rapid  ones. 

With  this  type  of  compensated 
circuit  as  the  foundation,  a  capacity 
control  device  has  been  constructed 
by  the  Teletouch  Corporation  for 
various  uses,  particularly  as  a  burg¬ 
lar  alarm  and  for  the  control  of 
commercial  advertising  displays  such 
as  the  show-windows  of  retail  stores. 
One  interesting  application  of  the 
latter  type,  publicized  in  the  news- 
pai>ers  under  the  name  “Magic  Mir¬ 
ror”  makes  use  of  the  mirror  coating 
as  the  capacity-sensitive  element. 
This  mirror  coating  is  semi-trans¬ 
parent  when  illuminated  from  be¬ 
hind,  but  opaque  and  reflecting  when 
not  so  illuminated.  Consequently 
it  is  possible  to  set  up  an  innocent¬ 
looking  mirror  in  a  public  place  and 
to  connect  the  capacity  relay  to  the 
mirror  surface  so  that  passers-by 
pausing  to  make  use  of  the  mirror 
will  actuate  the  mechanism.  Thus,  as 
a  person  comes  close  to  the  mirror, 
part  of  the  mirror  surface  suddenly 
becomes  illuminated,  revealing  an  ad¬ 
vertising  message  or  product  be¬ 
hind,  while  the  remaining  part  of 
the  mirror  retains  its  opaque  reflect¬ 
ing  surface.  The  same  capacity-sen¬ 
sitive  device  is  used  for  the  protec¬ 
tion  of  safes,  jewelry  displays,  and 
similar  small  volumes  of  great  value. 


By  using  large  conducting  areas, 
underneath  rugs,  etc.,  rooms  and 
doorways  can  likewise  be  protected. 

In  connection  with  the  uses  of  its 
devices  as  burglar  alarms,  the  Tele¬ 
touch  Corporation  has  made  a  con¬ 
siderable  investigation  of  the  types 
of  protection  generally  desired  by 
merchants  and  similar  customers. 
They  have  found  that  professional 
thieves  are  very  quick  to  appreciate 
the  presence  of  burglar  alarm  de¬ 
vices,  and  also  are  much  more  clever 
than  is  generally  supposed  in  getting 
around  them.  For  this  reason  the 
Teletouch  burglar  alarm  system  is  so 
constructed  that  cutting  wires,  either 
in  the  capacity-antenna  circuit  or  in 
the  power  circuit,  automatically  ac¬ 
tuates  the  alarm,  which  is  run  by 
dry  cells  contained  within  the  cabi¬ 
net  itself.  Opening  the  door  of  the 
capacity  unit  has  the  same  effect. 

Another  feature  of  interest  in 
burglar  protection  is  the  continuity 
of  the  alarm.  In  the  conventional 
tin-foil  system  the  alarm  bell  or 
horn,  once  started,  remains  blasting 
continuously  until  the  owner  of  the 
shop  arrives  to  turn  it  off.  By  the 
time  the  police  or  the  owner  arrive 
often  the  thief  has  made  his  de¬ 
parture  because  the  great  clatter  has 
scared  him  away.  While  the  Tele¬ 
touch  alarm  can  be  made  to  run  con¬ 
tinuously  in  this  fashion,  its  devel¬ 
opers  have  found  that  many  custom¬ 
ers  prefer  to  have  the  alarm  sounded 
only  while  the  thief  is  in  the  vicinity 
of  the  protected  area. 

If  the  thief  departs,  the  alarm 
thereupon  ceases  and  the  annoyance 
to  the  neighborhood  is  considerably 


The  self<ontained  photo-relay  installed  in  a  IVeu  York 
department  store  for  window-lighting  control 


Amplifier  cabinet  used  with  the 
self-contained  photo-relay 

minimized.  If  the  thief,  encouraged 
by  the  silence,  attempts  to  re-enter 
the  protected  zone,  the  alarm  again 
rings. 

Electric  Time  from  D-C  Circuits 

Another  electron-tube  device  in¬ 
vented  by  Professor  Theremin  and 
developed  by  the  Teletouch  Corpora¬ 
tion,  is  a  d.c.  to  a.c.  inverter  for  use 
in  driving  synchronous  electric 
clocks.  The  need  for  such  a  device 
has  long  been  felt  in  many  metro¬ 
politan  areas,  notably  those  in  New 
York  City  where  d.c.  is  the  only 
power  available.  The  Teletouch  in¬ 
verter,  described  in  U.  S.  Patent  No. 
2,047,912  derives  its  power  from  the 
d-c  circuit.  The  d-c  is  inverted  in 
vacuum  tubes  (as  distinguished  from 
the  gas-triodes  widely  used  for  in¬ 
verter  service).  The  timing  control 
of  the  circuit  is  obtained  from  the 
d-c  commutator-ripple  which  is  al¬ 
ways  present  in  d-c  sources  of  sup¬ 
ply.  Since  the  speed  of  d-c  machines 
can  be  regulated  within  close  limits, 
it  is  possible  to  govern  the  frequency 
of  this  ripple  (which  usually  takes 
the  form  of  0.1  per  cent  a-c  com¬ 
ponent  of  150  cycles  per  second) 
with  great  accuracy.  The  function 
of  the  inverter  is  then  to  remove 
the  alternating  component  and  am¬ 
plify  it  sufficiently  so  that  it  may 
be  used  to  control  the  grids  of  the  in¬ 
verter  tubes  and  invert  to  60  cycles. 
The  unit  is  small  enough  for  use  in 
nearly  all  applications,  and  uses  con¬ 
ventional  receiving  type  tubes  at 
sufficiently  low  operation  ratings  to 
insure  long  life. 
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The  latest  venture  of  the  Tele¬ 
touch  organization  is  into  the  field 
of  photoelectric  relays,  and  in  this 
case  also  they  have  unearthed  an 
unusual  wrinkle  which  adds  greatly 
to  their  utility.  The  basic  idea  of 
the  photoelectric  relay  developed  by 
Professor  Theremin  is  the  inclusion 
of  both  light  source  and  photocell  in 
the  same  unit,  and  the  actuation  of 
the  relay  not  by  interference  of  a 
beam  reflected  from  a  mirror,  but 
by  changing  the  reflecting  factor 
from  any  surface  whatever.  This 
system  requires  large  amplification 
of  very  low  frequencies,  and  brings 
in  the  corresponding  problem  of 
compensation  for  changes  in  volt¬ 
age,  temperature,  and  similar  fac¬ 
tors  which  become  more  important 
as  the  sensitivity  of  the  device  is 
increased.  The  fundamental  com¬ 
pensation  invention,  previously  re¬ 
ferred  to  in  connection  with  the  ca¬ 
pacity  operated  relay,  is  employed 
in  modified  form. 

The  Teletouch  Ray,  as  the  photo¬ 
tube  relay  is  called,  has  the  follow¬ 
ing  construction:  The  phototube 
and  light  source  are  contained  in  a 
box,  or  “Camera,”  side  by  side  but 
in  a  separate  compartments.  For 
night  operation  the  light  source  is 
a  200-watt  electric  bulb  of  small  di¬ 
mensions,  which  is  cooled  by  con¬ 
duction  through  a  large  metallic 
structure  with  radiating  fins.  The 
light  from  this  lamp  is  directed 
through  a  condensing  lens  and  sent 
outward  from  the  box  toward  the 
area  over  which  it  is  desired  to 
establish  control.  This  area  need 
not  have  a  high  reflecting  factor; 
for  example,  a  street  surface  or  side¬ 
walk  is  commonly  used,  especially 
for  show-window  control.  The  beam 
of  fight,  hitting  this  surface,  pro¬ 
duces  a  round  bright  spot  on  which 
the  phototube  is  focused  by  means 
of  a  similar  lens  system.  The  photo¬ 
tube  current  resulting  from  the  ex¬ 
tremely  small  illumination  provided 
is  then  considerably  amplified  by 
usual  methods  except,  as  already 
stated,  that  the  amplifier  must  be 
of  exceptionally  stable  characteris¬ 
tics.  The  circuit  is  then  so  ar¬ 
ranged  that  the  relay  remains  inop¬ 
erative  so  long  as  the  reflectance  of 
the  control  surface  is  not  changed. 
However,  if  any  object  interrupts 
the  beam  or  passes  over  the  bright 
spot  on  the  reflecting  surface,  the 


phototube  current  is  then  increased 
or  reduced,  depending  upon  whether 
the  interfering  object  has  a  higher 
or  lower  reflectance  factor.  The  cir¬ 
cuit  is  arranged  so  that  any  change 
from  the  normal  value  of  phototube 
current  produces  a  positive  indica¬ 
tion  and  operation  of  the  relay.  By 
means  of  step  by  step  relay  systems 
very  large  loads  (up  to  20,000  watts, 
for  example,  in  typical  window¬ 
lighting  displays)  can  be  controlled 
from  the  output  of  the  amplifier. 

This  system  has  many  advantages 
over  the  use  of  a  separate  light 
source  mounted  opposite  the  photo¬ 
tube.  In  the  first  place  it  enables 
the  operator  to  obtain  control  from 
an  area  over  which  he  has  no  juris¬ 
diction.  In  the  window-lighting 
case,  for  example,  it  is  not  possible 
for  the  store  to  place  a  light  source 
in  the  street,  since  the  street  is  public 
property.  However,  there  is  no  reg¬ 
ulation  arrainst  the  shining  a 
beam  of  light  at  the  street  and  of 
using  the  reflectance  from  the  street 
as  the  control  factor. 

The  latest  development  in  this  line 
is  a  self-contained  phototube  relay 
which  contains  both  the  “Camera” 
and  amplifier  in  the  same  unit.  The 
window  lighting  model  contains  a 
separate  amplifier,  and  thus  requires 
a  more  troublesome  installation  by 
an  electrician.  The  self-contained 
unit  is  set  in  operation  simply  by 
connecting  to  a  wall  outlet. 

Merchandising  Policies 

Any  organization  which  intends 
to  capitalize  on  the  development  of 
electronic  control  devices  has  a  dual 
problem.  In  the  first  place,  it  is 
necessary  to  have  sound  engineering 
and  proper  construction  of  the  ap¬ 
paratus  so  that  it  will  function  as 
intended.  In  the  second  place,  there 
arises  the  problem  of  merchandising 
the  devices  so  that  they  can  be  put 
to  use  widely  and  effectively. 

The  Teletouch  Corporation  has 
approached  this  problem  from  sev¬ 
eral  points  of  view.  First,  a  wide 
variety  of  applications  of  the  device 
have  been  conceived  by  the  organ¬ 
ization.  In  the  second  place  the 
Teletouch  organization  has  concen¬ 
trated  its  efforts  largely  in  retail 
commercial  applications  rather  than 
in  the  more  industrial  applications 
encountered  in  factory  work.  Thus 
the  Teletouch  Ray  installations  have 


been  made  in  the  R.  H.  Macy  store 
in  New  York,  the  Gimbel  store  in 
Philadelphia,  the  Brooklyn  Edison 
Company,  in  the  Sloate  Chevrolet 
Company  of  Hartford,  and  in  several 
other  similar  installations.  The 
Magic  Mirror  device  lends  itself 
especially  to  jewelry  display,  and 
has  been  employed  by  Black,  Starr 
&  Frost,  in  New  York  City. 

All  of  these  applications  have  two 
important  sales  factors  involved.  In 
the  first  place,  the  apparatus  oper¬ 
ates  only  when  the  attention  of  the 
passer-by  is  directed  toward  it.  Thus, 
while  it  is  common  practice  to  illu¬ 
minate  store  windows  from  sundown 
until  midnight,  it  often  happens, 
especially  during  stormy  weather, 
that  the  street  crowds  are  extremely 
small  and  the  lighting  power  is  then 
largely  wasted.  By  adopting  either 
photoelectric  or  capacity  control  de¬ 
vices  it  is  possible  to  restrict  the 
lighting  of  the  windows  to  such 
times  as  passers-by  interrupt  the 
light  beam  or  actuate  the  capacity 
mechanism.  This  sort  of  economy 
appeals  highly  to  retail  merchants. 
In  certain  circumstances  it  appeals 
to  the  public  utilities  which  supply 
power  to  retail  merchants.  This  is 
particularly  important  in  small 
towns,  where  retail  establishments 
do  not  illuminate  windows  because 
of  the  large  expense,  but  might 
readily  be  urged  to  do  so  if  the 
lights  are  put  on  only  when  needed. 

The  second  factor  involved  in  re¬ 
tail  store  installations  is  the  high 
publicity  value  which  is  derived 
therefrom  both  from  the  general 
public.  For  example,  when  the  R.  H. 
Macy  installation  wa.s  made,  news¬ 
paper  write-ups  in  practically  every 
New  York  newspaper  appeared  im¬ 
mediately  thereafter,  resulting  in 
well-earned  publicity,  both  for 
Macy’s  and  for  the  Teletcuch  Cor¬ 
poration.  The  restriction  to  com¬ 
mercial  displays  has  its  limitations, 
of  course,  and  it  is  expected  that 
many  industrial  applications  will 
supplement  the  retail  installations 
now  made.  The  success  which  the 
Teletouch  Corporation  has  derived 
from  its  policy,  however,  is  indica¬ 
tive  of  what  can  be  done  by  an  ag¬ 
gressive  merchandising  organization 
backed  up  by  proper  engineering,  and 
capitalizing  upon  the -growing  pub¬ 
lic  appreciation  of  electronic  con¬ 
trol  devices. 
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Resistance-Coupled  Amplifier  Data 


A  listin"  of  circuit  values  for  use  with  various  triode  and  pentode  tubes  in  resistance- 
capacity  coupled  amplifiers,  arranged  according  to  jilate  supply  voltage  and  plate  resistance 
value.  Compiled  by  RCA  Radiotron 


rHE  Tables  below  have  been  com¬ 
piled  by  engineers  of  the  RCA 
Radiotron  Division  to  give  the  output 
voltage  (Ko)  and  the  voltage  gain 
of  typical  resistance-coupled 
amplifier  stages  employing  pentode  and 
triode  tubes.  The  values  of  resistance 
and  capacity  are  so  chosen  that  the  out¬ 
put  voltage  per  stage  is  down  30  per 
cent,  at  100  cycles  in  the  case  of  pen¬ 
todes  and  down  20  per  cent,  at  100 
cycles  for  the  triodes.  The  high  fre- 


Fig.  1.  Pentode  diagram  showing 
symbols  used  in  chart 

quency  response  depends  primarily 
upon  the  value  of  R^.  When  R^  is 
greater  than  R».  the  response  is  flat 
to  20,000  cps  when  R^  is  0.1  megohm, 
10,000  cps  for  R,,  =  0.25  megohms,  and 
5,000  cps  when  Ri,  =  0.5  megohm. 
These  values  apply  when  normal  tube 
and  circuit  capacitances  are  present. 


5 

0  1 

0.25 

0 

.5 

—  Megohms 
R,)  —  Megohms 


Cd  -Mf 
Ce— Ilf 
C-Mf 

E,,  —  Peak  Volts 
Voltage  Gain 


Ri  —  Megohms 


Rj  —  Megohms 
R,)  —  Megohms 
Rf  —  Ohms 
Cd  —  fit 
Cr  —  nf 

C  —  Mf 

E,,  —  Peak  Volts 
Voltage  Gain 


0.1 

0 

25 

0.5 

0.1  0.5 

0.25 

1 

0  5 

2 

0.44 

0  53 

1.18 

1  45 

2  45 

2.95 

500 

600 

1100 

1300 

1700 

2300 

0  07 

0  06 

0  04 

0  05 

0  04 

0.04 

8.5 

8 

5.5 

5.8 

4.2 

4 

0  02 

0  006 

0.008 

0.005 

0  005 

0.0025 

55 

96 

81 

110 

75 

100 

61 

94 

104 

185 

161 

240 

0 

.25 

0.25 

1 

1.18 

1.45 

500 

800 

0  05 

0.05 

8.2 

7 

0.008 

0.005 

125 

180 

136 

210 

DUPLEX-DIODE  PENTODE  TYPES:  2B7,  6B7,  6B8 


Rl  —  Megohms 


Rf  —  Megohms 
Rd  —  Megohms 
Rc  —  Ohms 
Cd-Mf 
Ct  — Mf 
C  —  fif 

Eo  —  Peak  Volts 
Voltage  Gain 


Rj,  —  Megohms 


Rf  —  Megohms 
Rd  —  Megohms 
R«  —  Ohms 
Cd  —  fit 
C,  —  uf 
C-  af 

Eo  —  Peak  Volts 
Voltr.ge  Gain 


2000 

2000 

0  07 

0  06 

3 

2  8 

0  02 

0  006 

19 

29 

24 

37 

0 

1 

0 

25 

0 

5 

0  1 

0  1 

0.5 

0.25 

1 

0  5 

2 

0.1 

0.5 

0  5 

0.6 

1.2 

1.5 

2.7 

3  4 

0.45 

0.65 

950 

900 

1500 

1800 

2400 

2800 

350 

350 

0  09 

0.08 

0  06 

0  08 

0.05 

0  05 

0.1 

0.1 

4  6 

4.8 

3.2 

4 

2  5 

2  8 

6  6 

7 

0  025 

0  009 

0.015 

0  004 

0  006 

0  0025 

0  03 

0.01 

60 

86 

70 

95 

80 

90 

72 

120 

36 

54 

64 

100 

96 

145 

43 

67 

1500 

2000 

0.08 

0.08 

3.5  3.6 

0.006 

0.002 

145 

190 

111 

180 
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When  a  lower  or  higher  low-fre¬ 
quency  cut-off  is  desired,  the  value  of 
the  capacitances  shown  should  be  mul¬ 
tiplied  by  IOO//1  where  ft  is  the  desired 
low-frequency  cut-off.  The  values  of 
the  bias  resistor  Ce  are  given  for  d-c 
heater  excitation.  When  a-c  heating 
is  used,  somewhat  larger  values  of  Ce 
may  be  required  to  reduce  hum.  The 
dii^rams  shown  in  Figs.  1  and  2  show 
the  meaning  of  the  symbols  used  in 
the  tabulation.  When  several  stages 


Ebb 

90  1 

180  1 

300 

Rz. 

m 

■ 

0 

.25 

0 

.5 

m 

B 

0 

.25 

0 

.5 

0 
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0 

.25 

0 

.5 

Rf’  ' 

5 

m 

0.25 

1 

0.5 

2 

n 

0.25 

1 

0.5 

2 

0.1 

0.5 

0  25 

1 

0.5 

2 

R« 

6300 

6700 

10000 

11500 

16200 

17400 

2600 

3000 

4300 

5300 

7000 

8800 

1900 

2300 

3300 

4200 

5300 

7000 

c-  ■ 

2.2 

1.7 

1.24 

0.9 

0.75 

0.65 

3.3 

2.7 

2.1 

1.5 

1.3 

0.9 

4 

3 

2.7 

1.8 

1.6 

1.2 

C 

0.02 

0.006 

0.01 

0.003 

0.005 

O.OOIS 

0.025 

0.007 

0  015 

0.004 

0.007 

0.002 

0.03 

0  007 

0  015 

0.004 

0.007 

0.002 

Bo 

3 

6 

S 

10 

7 

13 

16 

23 

21 

33 

25 

38 

31 

45 

42 

60 

47 

67 

V.O* 

23 

31  • 

34  ^ 

40 

39 

48 

29 

37 

43 

53 

52 

58 

31 

42 

48 

56 

58 

63 

TRIODE  TYPE;  6F5 


are  used  in  cascade  the  voltage  output 
at  100  cycles  is  (0.7  Eo)'  for  pentodes 
and  (0.8  £7o)*  for  triodes,  where  n  is 
the  number  of  stages.  Variation  of 
±  10  per  cent,  in  the  values  given  do 
not  seriously  affect  performance.  The 
highest  permissible  value  of  Rt  should 
always  be  used. 

Fig,  2.  Triode  diagram, 
xhowing  symbols  used 


TRIODE  TYPES:  2A6,  75 
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90  1 

180  1 
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Ri 

m 

B 

0 

.25 

o 

.5 

B 

B 

0 

25 

0 

.5 

0 

.1 

0 

25 

0 

5 

Re 

n 

0.25 

1 

0.5 

2 

n 

n 

0.25 

1 

0.5 

2 

0.1 

0.5 

0.25 

1 

0  5 

2 

R« 
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2200 

3500 

4500 

6100 

7700 
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1700 

2600 

3500 

4500 

6100 

c. 

2.5 

1.8 

1.33 

0.9 

0.76 

0.58 

4.4 

2.9 

2.3 

1.7 

1.3 

0  83 

5 

3.2 
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2 
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0.93 

C 
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0.01 

0.003 

0.005 
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0.006 
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0.004 

0.006 

0.0015 
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0.006 

0.01 
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0.006 
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Bo 

4 

6 

6 

10 

8 

12 

16 

25 

21 

32 

24 

37 

33 

48 

41 

63 

50 

70 
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39  •> 

44 

43 

48 

37 

46 

48 

57 

53 

66 

42 

52 

56 

67 

65 

70 

TWIN-TRIODE  TYPES:  6A6,  6N7,  53  ( ONE  TRIODE  UNIT ) 
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R« 

1900 

2500 

4050 

5400 

7000  9650 

1950 
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C 
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03 
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0  015 

0  003 
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Eo 

13 

20 

16 

24 
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35 

50 

40 

57 

44 

61 

60 

86 

75 
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76  104 
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16 

20 

20 

23 
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19 

22 

23 

24 

24 
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20 

23 
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TRIODE  TYPES:  56,  57 
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1 
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c. 

2 

1.25 
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c 
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0.015 
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0.08 
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0  02 
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B, 

16 

23 

19 

25 

21 

28 

36 

55 

45 

57 

49  64 

65 

95 

74 
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82 
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7 
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8.1 
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9 
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10 
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10 

TYPES;  6C5  (TRIODE) ,  AND  6C6,  6J7,  57  (AS  TRIODES) 
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0 
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0.25 
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0.1 

0.5 

0.25 
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0  05 

0.25 

0.25 

1 

Re 
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3800 

4800 
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2200 
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3900 
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2100 
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Ce 
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1.12 
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0.52 
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1.7 

1  2 

0.74 

0.47 
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c 
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Bo 
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26 

34 

54 

41 

55 

44 

59 

57 

83 
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73 
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10 
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12 
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11 

12 

13 

13 

13 
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12 

12  13 

13 

14 

*Voltagc  Gain  at  5  voltt  (RMS)  output  unless  index  letter  indicates  otherwise. 

*  At  2  volts  (RMS)  output.  ^  At  3  volts  (RMS)  output.  *  At  4  volts  (RMS)  output.  <*At  2.2  volts  (RMS)  output. 
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Fig.  1 — Tracking  angle 
variation 


Phonograph  record  reproducer 
desif^n  in  the  United  States  in 
the  past  seems  to  have  been  based 
on  frequency  response  and  output 
voltage  requirements.  The  amount 
of  wear  on  the  record,  however,  is  a 
highly  important  consideration,  espe¬ 
cially  in  the  cases  of  automatic  re¬ 
peating  devices  and  home-entertain¬ 
ment  equipment  where  each  record 
is  replayed  many  times.  Acetate 
and  other  “instantaneous”  records 
also  require  a  reproducer  which  will 
cause  a  minimum  of  record  wear  for 
maximum  service  and  best  reproduc¬ 
tion.  The  crystal  record  reproducer 
described  here  causes  far  less  record 
wear  than  conventional  devices  with 
equal  needle  pressure,  and  attains 
excellent  frequency  response  and 
transient  response,  together  with 
sufficient  output  voltage  to  produce 
full  output  from  a  low-gain  audio 
system  such  as  that  built  into  the 
conventional  radio  receiver. 


A  Record-Saving 
Pickup 


Mechaniral  (lesijin  reduces  wear  on  records  by  reducing 
change  in  tracking  angle  as  needle  moves  from  center  to  edge 


By  RALPH  P.  GLOVER 

Chitf  Kngineer,  Shure  Jtrothem,  Chicago 


For  low  record  wear,  the  needle 
pressure  and  needle  impedance 
should  be  low  and  the  horizontal 
projection  of  the  needle  should  be 
tangent  to  the  record  groove  at  all 
times.  The  vertical  projection  of 
the  needle  should  be  normal  to  the 
surface  of  the  record  also. 

In  recording,  the  cutting  head  is 
moved  radially  across  the  record  and 
generates  a  close-pitch  spiral  groove 
which  may  be  considered  as  a  series 
of  closely-spaced  concentric  circles. 
In  reproduction,  however,  the  pickup 
arm  is  pivoted  at  one  end  and  car¬ 
ries  the  reproducing  head  and  needle 
at  the  other  end.  To  make  the  mo¬ 
tion  of  the  needle  correspond  to  that 
of  the  cutting  head,  the  length  of 
the  arm  would  have  to  be  infinite. 
For  the  practical  finite  arm  the  nee¬ 
dle  describes  the  arc  of  a  circle 
across  the  record,  and  the  projection 
of  the  needle  on  the  record  makes 
an  angle  with  the  tangent  to  the 
groove  at  the  point  of  contact.  This 
departure  of  the  needle  projection 
from  tangency  is  called  the  hacking 
angle. 

The  actual  value  of  the  tracking 
angle  depends  on  the  length  of  arm, 
distance  between  arm  pivot  and  cen¬ 
ter  of  record  and  radial  distance 
from  center  of  record  to  needle  point. 
Figure  1  shows  curves  of  tracking 
angle  for  common  8"  arm.  Note 
rapid  change  of  tracking  angle  when 
distance  from  pivot  to  record  center 
is  equal  to  or  greater  than  arm 
length.  Conventional  arms  are 
placed  so  that  arc  of  travel  of  needle 


Fig.  2 — Needle  orientation,  A  and 
D,  conventional  pickup;  B  and  C, 
new  pickup 
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0  is  made  about  equal  to  the  average 
tracking  angle  thus  determining  the 
required  tilt  angle  «/>. 

Figure  2  shows  a  comparison  be¬ 
tween  needle  orientations  obtained 
with  the  conventional  and  new  re¬ 
producers.  Above,  corresponding 
tracking  angle  variations  are  shown 
for  three  positions  on  a  12  inch  rec¬ 
ord,  showing  the  improvement  ob¬ 
tained  with  the  new  method.  The 
greatest  tracking  angle  obtained 
with  the  new  system  is  smaller  than 
the  least  angle  afforded  by  conven¬ 
tional  reproducers.  Below  are 
showm  vertical  views  of  the  needle 
(“end-on  relative  to  the  tonearm) 
indicating  improved  vertical  align¬ 
ment  relative  to  the  groove.  The 
“needle-tilt”  method  of  minimizing 
tracking  error  is  not  limited  to  crys¬ 
tal  reproducers  but  can  be  applied 
to  other  transducers. 

The  axis  of  the  needle-chuck  does 
not  pass  through  the  horizontal  axis 
of  the  mechanism.  This  has  been 
purposely  done  to  allow  the  use  of  a 
cone-point  screw  for  clamping  the 
needle  in  the  chuck.  At  the  same 
time  the  point  of  the  needle  comes 
directly  below  the  axis  of  the  mech¬ 
anism,  eliminating  the  torsional  mo¬ 
ment  that  would  otherwise  result 
from  forces  perpendicular  to  the  rec¬ 
ord.  This,  combined  w’ith  a  floating 
mounting  of  the  square  torsion  crys¬ 
tal  between  strips  of  viscalloid,  re¬ 
sults  in  an  assembly  which  is  im¬ 
mune  to  ordinary  mechanical  shocks. 
The  mechanical  system  is  designed 
to  present  low  needle-point  imped¬ 
ance  which  of  course  still  further 
tends  to  reduce  record  wear. 

The  audio  response  is  exception¬ 
ally  uniform  and  covers  the  entire 
frequency  range  available  on  current 
records.  Transient  response  is  like¬ 
wise  “clean”. 

In  the  preparation  of  this  article, 
the  writer  wishes  to  acknowledge 
the  assistance  of  Mr.  Ben  Baumz- 
weiger,  who  developed  the  “needle- 
tilt”  principle. 


Fig.  4 — Cross  section  of  record-saving  pickup 


bending  the  arm  or  angularly  dis¬ 
placing  the  reproducing  head  by  a 
corresponding  angle. 

The  straight  tonearm  is  the  sim¬ 
plest  and  least  expensive  mechanical 
link.  It  is  best  adapted  to  artistic 
design  and  requires  least  space — an 
important  consideration  where  com¬ 
pactness  is  essential. 

The  method  of  tracking  angle  re¬ 
duction  employed  in  the  reproducer 
described  here  involves  an  angular 
displacement  of  the  needle  relative 
to  the  working  axis  of  the  reproduc¬ 
ing  head  or  “cartridge”.  The  cart¬ 
ridge  may  be  mounted  in  any  suit¬ 
able  straight  tonearm  and  may  be 
used  as  a  replacement  unit  which 
reduces  the  tracking  error. 

Figure  3  shows  “end-on”  and  side 
views  of  the  needle-chuck  employed 
for  this  purpose.  By  simple  geom¬ 
etry  it  is  easily  shown  that  the  “tilt 
angle”  <f>  is  determined  by  the  ex¬ 
pression  : 

cos  B  sin  <t> 
tan  6  = - 


passes  through  center  of  record 
(d  =  0).  This  gives  maximum  track¬ 
ing  angle  at  the  outside  of  the  rec¬ 
ord  and  a  straight-line  decrease  in 
angle  as  the  needle  traverses  the 
record.  A  rapid  change  in  tracking 
angle  is  objectionable  since  the  nee¬ 
dle  point  wears  out  to  fit  the  groove. 
The  needle  point  is  continuously  re¬ 
shaped  at  the  expense  of  the  record, 
producing  excessive  wear. 

Tracking  angle  changes  can  be  re¬ 
duced  when  the  arc  of  the  needle 
passes  the  center  of  the  record  on 
the  far  side  of  the  arm  pivot.  See 
Fig.  1,  curves  for  positive  values  of 
“d”.  This  increases  the  tracking 
angle  itself  which  is  highly  objec¬ 
tionable  because,  due  to  thrust,  the 
needle  bears  on  one  side  of  the 
groove  with  undesirable  results  from 
the  standpoint  of  wear.  There  is 
also  a  loss  of  fidelity,  particularly 
at  the  high  frequencies. 

A  survey  of  the  literature  indi¬ 
cates  that  this  situation  has  been 
thoroughly  appreciated  abroad.  No¬ 
table  examples  of  tonearms  which 
correct  for  tracking  angle  can  be 
found  in  the  products  of  manufac¬ 
turers  in  England,  Continental  Eu¬ 
rope  and  Australia.  All  of  these 
devices  are  of  the  “bent  arm”  type. 
Correct  design  involves  the  selection 
of  proper  arm  length  and  value  of 
“d”  to  give  essentially  constant 
tracking  angle  and  to  correct  for,  or 
eliminate,  this  tracking  angle  by 


8  is  the  conventional  forw’ard  in¬ 
clination  of  the  needle  (usually  20 
to  30  degrees)  and  tf>  is  the  angular 
displacement  of  the  needle  about  the 
axis  of  the  reproducing  mechanism. 
The  length  of  arm  is  chosen  and  an 
operating  curve  of  Fig.  1  is  selected, 
thus  determining  the  tracking  angle 
which  is  to  be  compensated.  The 
compensating  angular  displacement 
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Fig.  3 — Details  of  assembly  and  views  of  needle  chuck 


February  J  937  —  ELECTRONICS 


Fig.  1 — General  plant  layout 
showing  placement  of  trans¬ 
formers,  etc. 


Transformer  Alignment 


By  R.  NATHAN 

Chief  Test  Engineer 
Miilwest  Kndio  Coriioriitiun,  Cincinnati 


The  modern  superheterodyne  re¬ 
ceiver,  with  its  AVC  amplifier, 
selectivity  and  sensitivity  controls 
and  tuning  aids,  each  of  which  is  as¬ 
sociated  in  some  manner  with  the 
i-f  system,  demands  a  technique  in 
i-f  alignment,  which  was  not  neces¬ 
sary  several  years  ago.  For  several 
years  after  the  advent  of  the  super¬ 
heterodyne,  the  i-f  alignment  pro¬ 
cedure  w’as  to  supply  a  modulated 
signal  equal  in  frequency  to  the  i.  f. 
of  the  receiver  to  be  aligned,  to  the 
grid  of  the  1st  detector  tube.  The 
number  of  microvolts  of  the  signal 
strength  was  predetermined.  With 
the  aid  of  an  output  meter,  the  cir¬ 
cuits  of  each  stage  were  in  turn 
tuned  to  resonance.  This  condition 
was  obtained  when  the  output  meter 
indicated  a  maximum  deflection. 

About  the  time  that  the  various 
above  mentioned  controls  made  their 
appearance  in  radio  receivers,  cath¬ 
ode  ray  equipment  was  being  devel¬ 
oped  very  rapidly.  The  cathode  ray 
oscillograph  together  with  the  fre¬ 
quency  modulator  seemed  to  be  the 
answer  to  the  complicated  i-f  align¬ 
ment  problem.  At  present  many 
radio  receiver  manufacturers  use 
cathode  ray  equipment  exclusively 
for  i-f  alignment.  It  is  the  pur¬ 


Fig.  2 — Circuit  of  oscillator 
employed 
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Fig.  3 — Oscillator  plate  to  line  trans¬ 
former 


pose  of  this  article  to  describe  a 
system  which  is  now  in  operation, 
and  which  makes  i-f  .alignment  quite 
simple. 

It  was  thought  best  to  have  a 
single  frequency  modulator,  moni¬ 
tored  with  a  crystal  controlled  oscil¬ 
lator,  since  all  test  positions  would 
then  be  supplied  with  the  same  fre¬ 
quency.  There  is  a  constant  check 
on  the  mean  frequency  of  the  modu¬ 
lator  by  means  of  the  crystal 
monitor. 

The  use  of  a  single  frequency  mod¬ 
ulator,  however,  made  necessary  the 
use  of  a  matched  transmission  line 
system.  The  matched  line  was  nec¬ 
essary  since  the  lines  were  to  be  of 
shielded  cable  400  to  500  feet  long. 

One  line  was  to  run  to  a  central 
location  in  each  of  the  teat  depart¬ 
ments.  At  each  of  these  central 
junctions  each  line  was  matched  to 
its  total  load,  for  example,  the  load 
represented  by  lines  supplying  12 


test  positions.  At  each  test  position 
the  branch  line  supplying  that  posi¬ 
tion  was  matched  to  an  attenuator. 
This  matching  device  along  with 
the  attenuator,  is  an  integral  part 
of  the  cathode  ray  oscillograph  for 
that  position. 

At  the  other  end  of  the  line,  the 
frequency  modulator  was  matched 
to  both  of  the  main  branch  lines. 
The  oscillator  for  the  frequency  mod¬ 
ulator  is  electron  coupled.  The  de¬ 
sign  for  the  impedance  device  from 
plate  of  generator  to  line  follows. 
The  entire  design  was  carried 
through  for  a  frequency  of  456  kc. 

Circuit  of  impedance  matching 
transformer  from  plate  of  electron 
coupled  oscillator  to  both  main 
branch  lines  is  shown  in  Fig.  3. 
Each  main  branch  line  represents 
a  load  of  140  ohms  as  determined 
by  the  impedance  of  the  cable. 

{Continued  on  page  71) 
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Backtalk 


Shot  Effect 

I  have  read  the  report  which  appears  in 
the  December  Electronics  of  the  paper 
entitled  “Shot  Effect  in  Space-Charge- 
Limited  Vacuum  Tubes”  which  Dr. 
D.  O.  North  and  I  presented  at  the 
Rochester  Fall  meeting.  This  report  is 
in  error. 

We  do  not  believe  that  the  noise 
is  zero  with  “complete  space  charge”. 
We  did  not  discuss  “intermediate  val¬ 
ues  of  space  charge”.  We  did  not 
state  that  the  virtual  cathode  acts  as 
a  temperature-limited  cathode.  We 
did  not  say  that  the  thermal  agitations 
formula  is  used  to  give  the  noise  in  the 
case  of  a  temperature-limited  cathode. 
We  do  not  think  of  electrons  flowing 
from  anode  to  cathode. 

The  points  I  tried  to  make  clear  are: 

1.  Shot  effect  is  not  zero  in  space- 
charge-limited  currents. 

2.  If  it  were  not  for  fluctuations  in 
the  value  of  the  minimum  potential, 
the  shot  effect  would  be  the  same  in 
space-charge-limited  as  in  temperature- 
limited  emission. 

3.  A  rigorous  analysis  of  the  mech¬ 
anism  of  space-charge  depression  of 
shot  effect  shows  that  under  practical 
operating  conditions  the  fluctuations  in 
cathode  current  are  given  to  sufficient 
accuracy  by  the  thermal  agitations 
formula  using  the  cathode  conductance 
and  6/10  of  the  cathode  temperature. 

4.  In  spite  of  the  usefulness  of  the 
corrected  thermal  agitations  formula 
the  fluctuations  cannot  properly  be 
thought  of  as  thermal  agitations  nor 
can  the  correct  result  be  arrived  at  by 
thermodynamic  reasoning  such  as  that 
presented  by  Dr.  Llewellyn. 

These  errors  in  this  report  of  our 
paper  would  be  of  relatively  small 
concern  to  us  were  it  not  for  the  wide 
circulation  of  Electronics,  and  the 
usual  trustworthiness  of  its  informa¬ 
tion. 

B.  J.  THOMPSON 
Research  and  Development  Laboratory, 
RCA  Mfg.  Co.,  Harrison,  X.  J. 


What^s  Time  to  a  Hog? 

Hamlet  said  the  time  was  out  of  joint. 
Standard  time  still  is,  according  to 
the  Interstate  Commerce  Commission, 


which  wants  Congress  to  set  it  right 
with  a  law. 

The  Commission  is  moved  by  such 
inquiries  as  “What  the  hell  time  is  it 
anyway?”  from  an  executive  in  Mich¬ 
igan  who  had  ordered  his  chain  stores 
to  open  two  hours  late.  The  man  was 
confused  by  Michigan’s  three  kinds  of 
time:  Federal,  state  and  local,  com¬ 
plicated  by  daylight  saving.  It  got  so 
bad  that  Michigan  threw  out  all  three 
and  imported  Eastern  standard  time — 
except  for  the  Northern  peninsula, 
which  is  part  of  Wisconsin,  by  the  clock. 

A  lot  of  other  states  and  towns 
have  been  two-  and  three-timing  the 
Government  ever  since  Congress  re¬ 
pealed  the  “Act  to  save  daylight,” 
over  President  Wilson’s  veto,  back  in 
1920. 

Time  zones  were  adopted  by  the 
railroads  in  1888.  Congress  made 


H.  F.  Mayer,  General  Electric,  (See 
Electronics,  December,  1936)  shoots 
Empire  State  building  from  McGratv- 
Hill  roof 


them  law  in  1918.  But  the  law  is  ap¬ 
plied  only  to  those  engaged  in  inter¬ 
state  commerce,  government  officials 
and  departments,  and  to  persons  act¬ 
ing  under  federal  regulations. 

Strange  things  are  done.  For  in¬ 
stance,  Connecticut  has  a  standard 
time  law  but  the  entire  population 
goes  by  daylight  saving,  everywhere. 
In  Massachusetts  the  Grange  declared 
the  state  daylight  law  unconstitutional. 
But  the  Supreme  Court  said  it  was 
constitutional.  So  in  summer  the 
farmers  still  wake  their  cows  at  three 
o’clock  in  the  morning. 

The  ICC  is  sure  that,  soon  or  late, 
something  is  bound  to  go  wrong. 
Hunters  have  already  been  arrested  for 
shooting  ducks  before  six  in  the  morn¬ 
ing,  when  it  was  really  after  seven. 
Some  day  there  is  going  to  be  a  big 
lawsuit  to  decide  whether  it  was  noon 
or  eleven  or  one  o’clock  when  a  million 
dollar  insurance  policy  expired.  Or  a 
man  is  going  to  miss  being  hanged 
because  the  hangman  was  hanging  by 
daylight  saving.  Question  would  be: 
Could  the  executioner  make  another 
appointment  with  the  party? 

Radio  broadcasting  people  used  to 
schedule  programs,  as  of  the  time  at 
points  of  reception,  but  it  was  driving 
them  crazy.  Now  they  simply  tell 
what  time  they  will  send  it,  by  their 
own  clocks,  and  the  customers  have 
to  figure  out  when  they  will  get  it. 

Railroads  make  a  go  of  standard 
time.  They  invented  it.  But  that’s 
strictly  among  themselves.  Between 
them  and  the  public  is  daylight  sav¬ 
ing,  and  it’s  a  headache  night  and  day. 
Practically  no  traveler  can  tell  whether 
an  hour  ahead  means  later  or  sooner. 
Clerks  explain  it  to  millions,  as  thou¬ 
sands  miss  the  trains. 

The  ICC  used  to  recommend  that 
the  federal  government  either  “occupy 
the  legislative  field  completely”  or  else 
let  go  of  Father  Time’s  forelock  and 
let  the  states  get  into  his  hair.  But 
now,  with  the  nation’s  clocks  all  cuckoo, 
it  wants  Congress  to  say  “My  time 
is  your  time.”  If  not,  then  there  are 
those  who  hint  that  the  Interstate 
Commerce  Commission  would  like  to 
put  its  old  chronometer  on  the  door¬ 
step  of  the  Bureau  of  Standards  and 
let  them  try  to  regulate  it. 

BLAINE  STUBBLEFIELD, 

Electronic’s  Correspondent 
Washington,  D.  C. 
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Initiative  -  Resourcelulness  -  Cooperation 
k  to  advance  the  interests  a 
ol  the  industry 


RESISTANCE 

SPECIALISTS 

Since  1921  MAKERS  OF 
RESISTANCE  UNITS  OMtV 


INTERNATIONAL  RESISTANCE  COMPANY 


401  NORTH  BROAD  STREET.  PHILADELPHIA.  PA. 


MAKERS  OF  RESISTANCE  UNITS  OF  MORE  TYPES,  IN  MORE  SHAPES,  FOR 
MORE  APPLICATIONS  THAN  ANY  OTHER  MANUFACTURER  IN  THE  WORLD 


TUBES  AT  WORK 


X-Ray  Used  to  Study 
Internal  Defects  of  Fruits 
and  Vegetables 

EMPLOYING  A  PORTABLE  X-ray  machine 
equipped  with  a  fluoroscope  for  the 
study  of  internal  defects  of  many  vege¬ 
tables  and  fruits  is  as  simple  as  the 
system  of  “candling”  eggs.  Through 
a  system  developed  by  Dr.  R.  B.  Har¬ 
vey,  plant  physiologist  at  the  Univer¬ 
sity  of  Minnesota,  it  is  not  necessary 


Anew  cold-cathode  relay  tube,  X-raying  fruit  for  inter¬ 
nal  defects,  a  combined  capacity-relay  and  talking- 
machine,  phonographs  for  teaching  music,  circuits  for 
producing  r-f  pulses — all  in  this  month’s  collection  of 
tube  uses 


in  the  diagram.  A  biasing  voltage  is 
placed  between  the  two  control  elec¬ 
trodes,  nearly  large  enough  to  cause 
breakdown.  A  signal  voltage  supplied 
by  the  transformer  is  then  added  to 
the  biasing  voltage.  The  positive  peak 
of  the  signal  breaks  down  the  control 
gap  and  starts  the  discharge,  where¬ 
upon  currents  up  to  30  milliamperes 
may  be  carried  between  the  control 
electrodes  and  the  anode. 

Because  of  the  difference  in  shape 
in  the  electrodes,  the  voltage  drop  for 
forward  conduction  is  considerably 
lower  than  for  the  reverse  conduc¬ 
tion,  in  the  ratio  of  75  to  200  volts 
(for  conduction  between  one  of  the 
control  electrodes  and  the  anode).  Rec¬ 
tification  of  alternating  current  may 
therefore  be  obtained  with  the  tube, 
provided  that  the  voltages  supplied  are 
of  the  proper  range,  namely,  so  that 
forward  conduction  will  occur  without 
reverse  conduction. 

The  regulating  action  of  the  tube 
is  obtained  usually  by  the  use  of  the 
two  control  electrodes,  between  which 
a  sustaining  voltage  of  approximately 
60  volts  is  necessary  to  maintain  the 
discharge.  The  voltage  drop  through 
the  tube  tends  to  maintain  itself  at 
this  value  of  60  volts  regardless  of 
the  current  flow,  and  this  property  can 
be  used  to  provide  a  regulated  source 
of  voltage,  which  appears  across  the 
two  control  electrodes. 

One  of  the  most  interesting  applica¬ 
tions  of  the  new  tube  is  connection 
with  ringing  in  four-party  telephone 
circuits.  One  of  the  new  tubes  (type 
ciple  constituent.  The  use  of  the  ac-  313A)  is  included  in  the  ringing  box 
tivated  cathode  (control  electrode)  and  of  each  subscriber’s  telephone  set.  This 

the  mixture  of  gases  produces  a  low  is  the  first  application  of  an  electron 
voltage  drop  through  the  tube,  about  tube  in  subscriber’s  plant  in  telephone 
75  volts,  in  contrast  to  several  hun-  practice, 
dred  volts  necessary  in  similar  tubes 
not  having  activated  electrodes. 

In  operation  there  are  two  conduct¬ 
ing  paths  of  interest,  between  the  two 
control  electrodes  and  between  one 
control  electrode  and  the  anode.  The 
voltage  necessary  to  produce  break¬ 
down  between  two  control  electrodes  is 
70  volts;  that  necessary  to  maintain 
the  discharge  thereafter  is  60  volts. 

On  the  other  hand  a  voltage  of  175 
is  necessary  to  break  down  the  gap 
between  the  anode  and  one  of  the  con¬ 
trol  electrodes,  while  the  sustaining 
voltage  in  this  case  is  75  volts.  The 
difference  between  the  breakdown  volt¬ 
ages  of  the  two  paths  makes  it  pos¬ 
sible  to  use  the  tube  as  a  relay,  a 
typical  circuit  for  this  use  being  shown 


Cold  Cathode  Tube  Developed 
for  Telephone  Service 

ACCORDING  TO  AN  ANNOUNCEMENT  in 
the  December  1936  issue  of  the  Bell 
Laboratories  Record,  a  new  type  of 
gas-filled  tube  having  cold  electrodes 
has  been  developed  for  use  as  a  relay, 
voltage  regulator,  or  rectifier.  The 
tube,  shown  in  the  figure,  has  three 
elements,  two  of  which  are  “control” 
electrodes  (semi-circular  in  shape) 
w’hile  the  third  is  a  wire-shaped  anode. 
The  control  electrodes  are  coated  with 
activated  barium  to  reduce  the  neces¬ 
sary  starting  voltage  of  the  tube.  The 
tube  is  filled  with  a  mixture  of  the 
rare  gases,  of  which  neon  is  the  prin- 


Two  apples  x-rayed  by  Dr,  Harvey. 
Different  degrees  of  internal  break- 
dotin  are  shotin  by  the  darkened 
spots 


to  cut  the  fruits  or  vegetables  open 
for  inspection  and  therefore  it  is  pos¬ 
sible  to  use  larger  samples  of  products 
and  experimental  studies  may  be  car¬ 
ried  on  while  the  products  are  still 
growing. 

One  of  the  internal  defects  of  po¬ 
tatoes  which  Dr.  Harvey  intends  to 
study  is  the  cause  of  the  hollow  heart 
of  potatoes.  Experiments  in  different 
communities  will  be  set  up  so  as  to  use 
several  varieties  of  potatoes.  A  pic¬ 
ture  of  the  internal  cleft  in  the  potatoes 
is  obtained  by  the  X-ray  without  cut¬ 
ting  the  potatoes  and  it  will  be  pos¬ 
sible  to  examine  individual  potatoes  at 
varying  periods  of  time  in  the  field 
without  removing  them  from  the  plant. 

An  equally  important  feature  of  this 
system  of  X-ray  inspection  is  the  ability 
to  use  it  in  studying  some  of  the  more 
important  storage  defects  in  apples, 
such  as  internal  decline,  core  flush  and 
water  flush. 


‘^Talking  Mirror”  Uses 
Capacity  Relay  and  Photo 
Tube-Film  Reproduction 

A  RECENT  APPLICATION  of  electronics  in 
the  field  of  advertising  displays  has 
been  made  in  the  “talking  mirror.” 
As  shown  in  the  picture,  the  device 
contains  a  mirror  surmounting  a  loud 
speaker  and  amplifier  system.  The 
mirror  surface  (on  the  rear  of  the 
glass)  is  connected  to  a  special  capac¬ 
ity  relay  which  operates  on  the  ^dy 
capacity  of  any  i)erson  approaching 
the  mirror.  The  capacity  relay  sets 
in  operation  a  16  mm.  film,  on  which 


Load 


Relay  circuit  using  new  tube 
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INSULATOR  SPECIALTIES  FOR  RADIO 


AS  foremost  supplier  of  porcelain  insulation  to  the 
radio  industry,  Lapp  realizes  its  responsibility  for 
the  development  and  production  of  dependable  and  ade¬ 
quate  insulation  equipment. 

Illustrated  at  right  is  the  latest  development  in  self- 
supporting  radiator  insulation,  a  design  which  secures 
utmost  efficiency  from  all  materials.  Tower  leg  footing 
cast  integral  with  insulator  frame — economical  and  easy 
to  install.  Generous  porcelain  cones  afford  maximum 
electrical  protection.  Porcelains  in  line  with  tower  leg, 
reducing  shear  duty. 

Below,  Lapp  porcelain  water  coil,  a  design  that  elimi¬ 
nates  sludging.  Require  no  cleaning,  and  because  water 
is  left  pure,  eliminates  cleaning  other  parts  of  system  and 
frequent  water  changes.  Regularly  used  by  all  trans¬ 
mitter  manufacturers  and  available  for  replacement  in 
existing  sets. 


LAPP  INSULATOPCO. 


JLAPPI  ___ 

2d  INSU LATORSi  LE  ROY-  n.y.-u.s.a. 
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has  been  recorded  a  sound  track  con¬ 
taining  the  advertiser’s  message.  A 
conventional  phototube  pick-up  and  am¬ 
plifier  feeds  the  loud  speaker. 

The  capacity  relay  contains  a  38 
tube,  as  an  oscillator,  which  does  not 


Outward  appearance  of  the  ^'Talking 
Mirror" 


oscillate,  however,  until  the  person  ap¬ 
proaches  the  mirror  surface.  The  period 
of  oscillation  is  only  about  1/20  sec., 
the  plate  potential  of  the  oscillator 
tube  being  connected  immediately  after 
operation  begins.  The  oscillator  con¬ 
trols  an  874  glow  tube  which  acts  as 
a  relay,  throwing  the  grid  of  a  type 
43  which  in  turn  operates  the  me¬ 
chanical  relay  in  the  film-and-phototube 
mechanism. 

The  phototube  pick-up  is  an  868 
tube  amplified  by  two  fiFSs  which 
drive  a  25B6  tube  in  the  output, 
which  feeds  a  six-  or  eight-inch  loud¬ 
speaker.  Power  is  supplied  for  the 
amplifier  from  a  25Z6. 


S.  S.  WHITE  MOLDED  RESISTORS 
are  in  use  in  radio  equipment  on  land 
and  sea  and  in  the  air,  under  climatic 
conditions  ranging  from  icy  cold  of 
the  Antarctic  to  the  steaming  heat  of 
tropical  Africa. 

Featured  by  noiseless  operation, 
permanent  resistance  value,  non- 
hygroscopic  material  and  rugged 
mechanical  strength,  their  ability  to 
perform  satisfactorily,  regardless  of 
weather,  has  been  amply  demonstrated. 

TRY  THEM  on  your  radio  and  elec¬ 
tronic  equipment.  Write  —  today  for 
descriptive  circular. 


Permanent 
resistance  value 
under: 


EXTREME  COLD 
EXTREME  HEAT 
HIGHEST  HUMIDITY 
RAPID 

CLIMATIC  CHANGES 


Avaitahle  in  a  compre- 
hensive  range  of 
reMistance  valuea  ex¬ 
tending  from  1,000 
ohmt  to  1,000,000 
megohms,  thus  meeting 
all  requirements  of  the 
commercial,  laboratory 
and  experimental 
fields. 


^DISE  I ES 1  ED  —At  slight  additional  cost,  resistors  will 
be  supplied  individually  **noise-tested”  to  this  specification: 

‘For  the  complete  audio  frequency  range,  resistors  shall  have 
less  noise  than  corresponds  to  1  part  in  1,000,000.**  (For 
values  up  to  10  megohms) 


The  S.  S.  WHITE  Dental  Mfg.  Co 

INDUSTRIAL  DIVISION 

10  East  40th  St.,  Room  23I0E,  New  York,  N.  Y. 


Phototube  and  film  mechanism 
which  delivers  advertising  messages 
to  the  public 
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ON  THE  BALL! 


Toy  railroads  (like  their  originals)  are  more  certain  to  maintain  schedules  when  their 
electrical  equipment  is  insulated  with  SYNTHANE  Icuninated  bakelite.  Give  your  prod¬ 
uct — be  it  toy,  appliance,  apparatus  or  machinery — the  dependcd)ility  of  SYNTHANE. 


SYNTHANE  is  a  mateiial  possessing  many  desiiable 
properties— electrical,  mechanical,  chemical  and  phy> 
sical— for  many  purposes.  Write  for  information  and 
data  sheets.  SYNTHANE  CORPORATION,  Oaks,  Pa. 

SYNTHANE  LAMINATED  BAKELI 


SYlVTllANE 

^L>SIM]RAT1QM  1^1  OAKS  *  PENNA 


When  the  capacity  relay  operates 
a  special  holding  circuit  switch  comes 
into  operation,  so  that  the  announce¬ 
ment  is  made  in  complete  form  even 
though  the  person  moves  away  from 
the  mirror.  Film  travels  at  16  mm. 
speed,  and  the  phototube  lens  system 
is  such  that  a  flat  response  from  60 
to  6,000  cycles  is  obtained.  The  entire 
device  operates  from  110  volts  a.c.  or 
d.c.,  and  has  operated  as  many  as 
6,000  times  before  any  damage  to  the 
film  was  noticeable.  The  film  an¬ 
nouncement  is  3  minutes  in  duration. 


High  Intensity 
Sound  Waves 

High  intensity  sound  waves  have  pro¬ 
vided  an  interesting  field  of  research 
since  methods  of  photographing  them 
have  been  discovered.  The  sound  waves 
to  be  photographed  are  often  produced 
by  a  spark  discharge,  although  a  wire 
exploded  by  passing  a  current  through 


T«xtolit«  tiibing  is  SMpecially  mada  to  meet  the  me- 
^chanical  end  electriod  r^^grements  of  y^ur  coil 
forms  with  its  uniform  wall  thickness,  good  dielec¬ 
tric  strength,  low  variation  in  pov^er  factor  measure¬ 
ments  between  dry  and  humid  cbnditioi\s,  and  low 
moisture  absorption. 

In  the  fabrication  of  coil  forms,  holes  must  be  ac¬ 
curately  punched  and  the  lube  precisely  threaded. 
General  ETectric  offers  you  the  years  of  fabricating 
experience  and  modem  machining  facilities  of  its 
Textolite  distributor.  General  Laminated  Products,  Inc. 

Write  for  fyrther  infcMonalion  on  Textolite  coil  forms 
or  on  any  other  fabricating  requirements  to  our 
haarest  distributor,  listed  below/'or  to  Section  P-422, 
Appliance  and  Meichandise  Department,  General 
Electric  Company,  Bridgeport,  Connecticut. 


Diagram  of  the  Schlieren  method 
of  photographing  sound  applied 
to  a  spark  discharge 


it  is  another  common  method.  The 
waves  produced  by  the  sparks  are  found 
to  consist,  according  to  Dr.  C.  G.  Suits 
whose  article,  “Notes  on  High  Intensity 
Sound  Waves”  appears  'n  the  Septem¬ 
ber  1936  issue  of  the  General  Electric 
Review,  of  a  single  pressure  pulse 
which  is  propagated  with  a  velocity 
initially  greater  than  the  normal  veloc¬ 
ity  for  the  ambient  temperature.  This 
velocity  decreases  rapidly  within  a  few 
centimeters  from  the  source  and  ap¬ 
proaches  relatively  slowly  and  assymp- 
totically  the  normal  velocity. 

A  common  method  of  photographing 
spark  discharges  which  is  very  sensi¬ 
tive  to  changes  of  refractive  index  is 
the  Schlieren  method  shown  above. 
Light  from  the  point  source,  a,  (which 
may  be  a  spark  discharge)  is  focussed 
by  means  of  the  lens,  b,  on  a  plane 
mirror,  c,  where  the  divergent  rays 
are  reflected  to  a  spherical  mirror,  d. 
The  spherical  mirror  reflects  the  light 
back  to  the  point  a  through  the  plane 
mirror  so  that — providing  the  op¬ 
tical  system  is  perfect — an  observer 


GENERAL  LAMINATED  PRODUCTS,  lac.^ 
nwNa  mm  »is-xit3  caxxou  avs. 

V  TC»lCll-T.  CHtCAQO.  OL. 
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permanent 


A  LN  ^  g-AlNICO 

Solid  throughout...smooth  surfaces... 
fully  tested  for  magnetic  properties 


<»SCo 

ALNI-ALNICO 

PERMANENT 

M 

ESTABLISHED  1742 


lllustrafed  are  a  few  of  the  many  permanent  magnets  now  being 
produced  by  TISCO  .  .  .  America's  oldest  producer  of  specialty 
alloy  products.  Produced  in  a  modern,  self-contained  magnet  plant 
.  .  .  with  equipment  especially  designed  to  permit  rigid  control  in 
melting,  heat  treating  and  final  testing  .  .  .  TISCO  magnets  fully 
meet  the  rigid  requirements  of  the  electrical,  radio  and  other  fields. 
Quotations,  as  well  as  engineering  and  design  assistance,  available 
on  request.  Consult  the  TISCO  office  near  you,  or  write  direct  .  .  . 


Taylor- Wharton  Iron  and  Steel  Company 

HIGH  BRIDGE,  NEW  JERSEY 
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TRANSFORMERS 

.  .  .  Nothing  too  Small 
.  .  .  Nothing  too  Large 


Combined  shadow  method  and 
rotating  camera  technique  for  use 
with  a  spark  discharge 


at  g  and  looking  at  the  spherical 
mirror  sees  only  a  dark  field.  Any 
object  at  e,  such  as  a  spark,  which 
will  bend  the  rays  leaving  the  spher¬ 
ical  mirror  provides  light  which  is  fo¬ 
cused  by  a  lens,  f,  on  a  photographic 
film  at  g  so  that  a  permanent  record 
may  be  obtained.  This  method  is  suffi¬ 
ciently  sensitive  as  to  indicate  a  change 
in  refractive  index  caused  by  the  con¬ 
vection  currents  produced  by  body  tem¬ 
perature. 

By  combining  this  shadow  method 
with  a  rotating  mirror  camera,  a  con¬ 
tinuous  passage  of  the  sound  wave  near 
its  source  can  be  provided.  The  spark 
at  a  provides  not  only  the  sound  wave 
which  is  to  be  photographed,  but  also 
the  light  by  which  it  may  be  photo¬ 
graphed.  The  system  of  three  mirrors, 
b,b,b,  and  the  lens  c  uses  the  light  from 
the  discharge  for  parallel  beam  back¬ 
ground  illumination.  The  image  is 
focused  by  the  lens  g  on  the  mirror  h 
which  rotates  and  produces  a  photo¬ 
graphic  record  on  the  film,  i. 

The  passage  of  a  sound  wave  of  high 
intensity  through  an  arc  or  spark  dis¬ 
charge  may  extinguish  this  discharge, 
and  photographs  have  indicated  that 
the  sound  wave,  rather  than  the  initial 
pressure  pulse,  is  very  probably  the 
cause  of  extinction.  The  theory  of  the 
mechanism  of  extinction  by  sound  does 
not  appear  to  be  too  well  understood  in 
all  cases.  In  many  cases  the  extinc¬ 
tion  results  from  a  large  displacement 
of  the  arc  or  spark  atmosphere;  in 
other  cases  the  arc  is  extinguished  even 
though  the  displacement  of  the  gas 
molecules  is  slight. 

Using  the  sound  produced  by  explod¬ 
ing  wires  and  the  rotating  camera  tech¬ 
nique,  Dr.  Suits  has  calculated  the 
amount  of  energy  which  goes  into 
sound  and  concludes  that  approximate¬ 
ly  97  per  cent  of  the  energy  radiated 
is  in  the  form  of  sound  and  only  three 
per  cent  is  in  the  form  of  light.  This 
calculation  applies  only  to  the  initial 
period. 


Ferranti  engineers  will  be  glad 
to  assist  you  in  any  transformer 
problem  which  you  may  have.  Send 
a  copy  of  your  specifications  which 
will  receive  immediate  attention. 


Stock  Lamination 
Actual  Size 


Whether  your  needs  cover  one  trans' 
former  or  one  thousand  your  inquiry 
will  get  the  same  prompt  attention. 


Hundreds  of  stock  units  to  choose 
from. 


Special  Transformers  shipped  in  8 
hours. 


Ferranti  products  are  the  result  of  54 
years  of  experience  in  the  manufacture 
of  inductive  apparatus. 

“There  is  7^o  Substitute  for  Quality  “ 


Multi’unit  Phonograph 
for  Schools 

While  the  phonograph  record  of  pres¬ 
ent-day  standards  continues  to  exert 
an  ever-widening  appeal  in  the  public 
mind  as  readily  available  material  for 
entertainment  purposes,  it  is  of  late 
becoming  increasingly  popular  among 
educators  as  a  valuable  ally  in  the 
classroom,  particularly  in  the  teach¬ 
ing  of  music. 


Stock  Lamination  ^  Actual  Size 


FERRANTI  ELECTRIC  INC 


30  Rockefeller  Plaza 
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Paired  fm*  Koiiiato  Pu^k-iip! 


^  NEWCOMERS  ★ 

at  low  cost — rapid  set-up — easy  operation 
under  the  toughest  conditions,  including 
total  darkness. 

High  spot  features  you'll  like:  stabi¬ 
lized  feedback — frequency  characteristic 
flat  from  30  to  10,000  cycles  —  low  dis¬ 
tortion —  operation  from  115  volt  50  60 
cycle  AC  supply  or  batteries  —  4  mike 
mixers  and  main  gain  control— completely 
factory  wired  and  tested.  Delivery  ?  —  in 
stock  ready  to  ship! 

For  full  details  on  these  two  new  aids 
to  better  broadcasting,  write  Graybar 
Electric  Co.,  Graybar  Building,  NewYork 
— or  telephone  Graybar’s  nearest  branch. 

Western  Etectric 

Distributed  by  GRAYBAR  Etectric  Co.  In  Canada:  Northern  Electric  Co.,  Ltd. 

RADIO  TELEPHONE  BROADCASTING  EQUIPMENT 
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(/)  llaitfi  it  up. 


2)  lypft:  a»  a  non-diroc- 
tionnl  mike.  Rifght:  an 
a  directional  mike. 


633A  MIK£-llere*s\^  estern  Electric’s 
newest — the  633A  "Salt-shaker”  mike. 
Like  the  famous '*8-ball,”  it's  a  2-in-l  mike: 
(1)  Non-directional,  (2)  Directional, when 
you  snap  on  the  scientifically  designed 
acoustic  haflle. 

D.  •signed  by  Bell  Telephone  Labora¬ 
tories,  the  633A  is  small,  sturdy,  iileal  for 
every  remote  pick-up  job.  Its  unusually 
low  price  will  surprise  you! 

22 A  SPEECH  INPUT-SmaW,  light, 

tough  and  rugged — built  to  last  a  lifetime 
— Western  Electric’s  new  22A  is  actually 
portable.  It  gives  you  highest  quality 


43 


One  of  the  pioneers  in  this  phase 
of  music  pedagogy  was  George  A. 
Wedge,  head  of  the  Theory  Depart¬ 
ment  of  the  Juilliard  School  of  Music, 
New  York  City.  Aware  of  the  value 
of  revealing  to  the  student  the  struc¬ 
ture  of  a  composition  through  its  actual 
recorded  performance  by  eminent  art¬ 
ists,  a  procedure  which  could  be  re¬ 
peated  as  often  as  desired,  a  collec¬ 
tion  of  records  was  started,  small  at 
first,  but  constantly  augmented  until 
a  library  of  impressive  size  and  di¬ 
versity  was  built  up. 

Because  the  limited  facilities  as  re- 
I  gards  machines  and  available  space 
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The  aiuttration  above 
(ho«o(  hmc  aeeuraMi) 
the  nerdle  of  the 
ZEPHYR  ••traekt" 
the  groove  Hear 
ae  r  0  e  e  a  it-ineh 
record.  The  enlarged 
vietoi  ■  at  top  above 
( looking  doten  on  the 
record )  compare  the 
relation  bf  needle  to 
groove  for  the 
ZEPHYR  pickup 
( eolid  line)  and  con¬ 

ventional  pickup  ( dot¬ 
ted  line)  at  the  etart 
(1),  half  (t)  and 

Unith  ( S )  of  the  rec¬ 
ord.  Share  "needle- 

tilt”  Balanced-Track¬ 

ing  keepe  the  needle 
true  to  the  groove 
.  .  .  maket  reeordt 

loaf  longer 
givei  finer  reproduc¬ 

tion. 


THE  NEW  SNORE  ^ 

BALANCED-TRACKING 
CRYSTAL  RECORD  REPRODUCER 

The  Shure  ZEPHYR  is  not  just  another  pickup— it’s 
entirely  new — -utterly  different!  Basically  new  design 
features  now  bring  you  more  accurate,  more  life-like 
reproduction  of  the  recorded  original  .  .  .  decidedly  longer 
record  life  .  .  .  and  new,  beautiful,  dynamic  “aero-stream” 
design  in  black  bakelite  molded  ...  at  low  cost. 

Built-in  “Balanced-Tracking” ,  provided  by  the  new 
exclusive  Shure  “needle-tilt”  principle,  keeps  the  needle 
practically  tangent  to  and  centered  in  the  record  groove 
at  all  times — thus  materially  reducing  record  wear.  Here, 
for  the  first  time,  low-tracking  error  has  been  achieved 
in  combination  with  the  new  modern  “streamline”  design! 

And  these  features,  too,  are  important!  .  .  .  “Ultra”  wide- 
range  response — corrects  for  deficiencies  in  recording 
characteristics  ★  Full-floating  double  precision  ball¬ 
bearing  pivot  ★  Double  moisture-proof,  fully  electro¬ 
statically-shielded  crystal  ★  Mechanically  “shock-proof” 
critically  damped  moving  system  ★  Special  “high-lift” 
arm  for  convenient  needle-changing. 

Lift  Price . $12 

Complete  information  in  Bulletin  142MA.  Write  for  it 
today! 

Liceneed  under  patente  of  the  Bruth  Development  Company.  Shure  patento  pending. 


Pupil  using  phonograph  unit 

were  soon  taxed  beyond  capacity,  it 
was  proposed  to  use  several  in¬ 
dividual  turntable  units  and  amplifier 
stages  feeding  a  pair  of  headphones 
to  each  pupil  as  shown. 

The  unit  comprises  a  table  eight 
feet  long  housing  the  four  turntable 
assemblies,  which  are  separate  panels 
1  faced  with  slate-gray  formica  and  on 
which  are  mounted  the  motors  and 
'  high  impedance  magnetic  type  pick-ups. 

Each  motor  unit  has  a  one-stage 
j  audio  amplifier  in  the  enclosing  com- 
I  partment  utilizing  a  76  tube.  The 
I  output  goes  to  a  matching  trans- 
!  former  which  supplies  a  bank  of  head- 
j  phones  if  desired. 

A  separate  volume  control  is  fur- 
!  nished  for  each  pick-up  for  use  on 
I  extra-loud  recordings,  but  as  a  rule 
j  the  volume  is  ample  at  about  80  on 
i  the  gain  control  scale.  Located  at 
each  end  of  the  table  are  four  jacks 
through  which  students  may  listen  in 
on  any  particular  turntable,  and  twelve 
at  one  time  are  comfortably  accommo- 
i  dated. 


Tube  Charger  Used 
with  New  Battery  For 
Hearing  Aids 

THE  PROBLEJil  OF  REPLACEMENT  of  Small 
dry  batteries  in  hearing  aid  apparatus 
has  been  considerably  eased  by  the 
development  of  a  lightweight  battery 
of  the  semi-wet  type,  which  can  be  re¬ 
charged  regularly.  The  charging  unit 
is  of  the  vacuum  tube  rectifier  type, 
using  a  25Z5  radio  tube.  The  manu¬ 
facturer  recommends  that  the  tube  in 
the  charger  be  replaced  at  least  every 


MICROPHONES 


SHURE 


BROTHERS 


MICRO  PHONE 


HEAOQUARTERB 


Z25 


WEST 


HURON 


STREET 


CH  CAGO 
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Aircraft  Distributor  Head 


Automobile  Running-Board 
Antenna  Insulator 


Ignition  Coil  Cover 

Abote  are  five  of  the  many 
appropriate  applications  for 
lotc-loss  Bakelite  Molded. 


FOR  HIGH  FREQUENCY  PARTS 


Brush  Support  for  High 
Frequency  Resistance  Box 


Housing  for  Vacuum  Tube 
Voltmeter  Probe 


Re«i«tor  Dnira  and  Capacitor  Frame  uaed  in  Lrcdt  &  Norlhnip  Co.  hifEh  frequencT  equipment,  molded 
by  Tech-Art  Plaalir  Co.;  and  Oneral  Radio  t'o.  Cuudrni»er  Cai»e«  molde«l  b%  Ray  State  Molding  Co. 


IT  is  quite  peiierally  recufrni/ed  that 
the  (lieleetrie  ellicieiiey  of  any  hi<:li- 
fre<|ueiu’y  electrical  part  tlepeiuls  not 
only  on  the  resistivity,  hut  also  on 
the  power  factor  of  the  material  from 
whieh  the  part  is  made.  It  is  possible 
that  eareful  study  of  power  losses 
in  many  existing  eleetrical  parts  may 
lead  to  significant  advances  in  design. 

For  the  forming  of  parts  in  which 
power  losses  must  he  held  to  a  mini- 
iiium,  low-loss  Bakelite  Molded  offers 
exceptional  advantages.  This  material 
possesses  high  resistivity  and  dielectric 
strength,  and  also  the  lowest  power 
factor  of  any  molded  plastic  adapted 

bAKELITE  CORPORATION,  247 

ItVKKI.ITE  CORPORATION  OF  CANADA, 


to  the  same  uses.  Its  power  factor 
is  only  11%  that  of  general  purpose 
Bakelite  Materials  at  one  million 
cycles. 

In  addition  to  these  electrical  merits, 
low- loss  Bakelite  Molded  possesses 
other  typical  advantages  of  Bakelite 
Materials . . .  nioisture-proofness.ehemi- 
eal  resistance,  durability  and  reailv 
adaptability  to  form.  Manufacturers 
and  designers  of  all  types  of  high-fre¬ 
quency  parts  are  invited  to  consult  us 
regarding  possible  benefits  of  low-loss 
Bakelite  Molded  for  their  products. 

Also  write  for  our  48-page  illus¬ 
trated  booklet  13M,''BakeliteMohled~’. 

PARK  AVENUE,  NEW  YORK,  N.  Y. 

LTD.,  163  Duffrrin  Strerl,  Toronto,  Ont. 


six  months.  Two  batteries  are  used, 
one  being  charged  while  the  other  is 
used  in  the  hearing  aid  unit.  The 
charging  rate  is  adjusted  so  that  the 
battery  is  charged  for  the  same  num¬ 
ber  of  hours  that  it  is  used,  and  must 
in  any  event  be  charged  twice  a  week 
for  two  eight-hour  periods. 


mooth  Control 


Production  of  Radio 
Frequency  Impulse§ 

A  RECENT  CONTRIBUTION  by  Colwell, 
Friend  and  Hall,  in  the  November  193(5 
issue  of  the  Review  of  Scientific  In¬ 
struments,  describes  several  interest¬ 
ing  methods  of  producing  short  im¬ 
pulses  in  radio  frequency  amplifiers. 
These  impulses  have  been  used  for 
studying  the  virtual  heights  of  the 
ionosphere,  since  they  are  of  short 
enough  duration  to  permit  accurate 
recording  of  reflected  signals.  The 
methods  consist  in  varying  the  bias 
applied  to  the  grid  of  the  radio  fre¬ 
quency  amplifier.  Various  methods  of 
producing  pulses  in  the  operating  bias 
are  suggested,  from  a  simple  mechan¬ 
ical  chopper  which  short-circuits  the 


With  new  Type  Transtot  * 

Voltage  Regulators  by  AmerTran 


R.  F.  output’ 


The  Transtat  Regulator  is  being  used  for  numerous  voltage-control  appli¬ 
cations  in  industry  because  of  its  many  advantages  over  resistive  and 
tap-changing  devices.  Voltage  may  be  changed  gradually,  and  without  inter¬ 
rupting  the  circuit,  from  zero  to  values  considerably  higher  than  line  voltage. 
Moreover,  the  Transtat  offers  high  eflBciency,  good  regulation,  and  great  flexi¬ 
bility.  All  of  these  features  are  possible  in  the  Transtat  because  it  utilizes  a 

continuously  variable  auto-transformer 
— it  is  the  ideal  voltage  control  for 
alternating  current  circuits. 

Standard  Transtat  Regulators,  available 
I  for  single-phase  loads  up  to  2.6  Kva. 

I  on  115-  or  230-volt,  50/60-cycle  cir¬ 

cuits,  are  ideal  for  use  with  small  mo- 
I  tors,  rectifiers,  lamps,  heating  devices, 

I  and  small  apparatus.  Larger  units  can 

I  be  assembled  on  special  order. 

Ask  for  Bulletin  No.  1177  for  complete 
.  data  and  prices. 


Operating 

b/as 


Blocking 

bias 


Magneto^ 


Di»+or+ing 
Amp.^^  , 


Magneto  circuit 

blocking  bias,  to  a  complicated  thyra- 
tron  arrangement.  Several  of  the 
suggested  circuits  are  shown  in  the 
accompanying  diagrams.  In  one,  an  in¬ 
duction  coil  is  used  as  the  source  of 
blocking  potential  on  the  grid,  the  pri¬ 
mary  of  each  coil  beirg  closed  by  a 
contact  arrangement.  The  sparking 
and  arcing  of  contacts,  however,  is  a 
serious  difficulty  in  long  continuous 
operation.  A  liquid  contactor  has  be«'n 
developed  which  gives  excellent  service 
over  long  periods  of  operation,  and 
produces  pulses  of  approximately  100 
microseconds  in  length.  The  contact¬ 
ing  consists  of  a  rotating  nozzle  which 
produces  a  stream  of  fluid,  under  cen¬ 
trifugal  action.  The  stream  makes 
contact  with  a  platinum  wire  once  dur¬ 
ing  each  nozzle  revolution.  The  con¬ 
ducting  fluid  may  be  dilute  sulphuric 
acid,  or  some  similar  conducting  me¬ 
dium.  Other  sources  of  blocking  po- 


*Tranital  Regulator!  are  manufactured  excluaieeiy  by 
American  Transformer  Co.  under  U.  S.  Letter  Patents 
and  patent  applications  of  the  Company,  including 
Nos.  1,993,007  and  2,014,570. 


AMERICAN  TRANSFORMER  CO, 
178  Emmet  St.  Newark,  N.  J. 
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Commercially  Acceptable 

To  be  generally  accepted  by  a  number  of  userg,  any  piece 
of  apparatus  must  not  only  be  correctly  designed,  care¬ 
fully  manufactured  and  rigidly  inspected,  but  must  also 
bear  the  unpredicable  stamp  of  approval,  “commercially 
acceptable”.  “Will  the  user  like  it”  is  the  big  question  which 
faces  every  manufacturer. 

Over  four  years  ago  General  Radio  introduced  the  Type 
633  Volume  Control,  the  first  of  its  kind.  That  this  control, 
incorporating  several  new  mechanical  features  last  year,  is 
what  the  radio,  talking  picture  and  public  address  engineer 
wanted  is  attested  to  by  the  sale  of  thousands  of  units  to 
these  users.  Its  sales  continue  to  increase. 

The  G-R  653  Controls  have  these  important  features 
recognized  and  appreciated  daily  by  hundreds  of  satisfied 
users : 

•  Extremely  low  noise  level 
•  Complete  cut-off 
•  Substantially  constant  impedance 
•  Behind  panel  depth  of  only  2,\  inches 
•  Finger  index  button 

•  Dust  cover,  removable  without  exposing  windings 
•  Convenient  terminals 
•  Long  life 

•  Four  stock  impedances:  50,  200, 250  and  500  ohms 
•  Moderate  price:  SI  2.50  for  any  model 

^'ou  haven^t  tried  a  G-R  653,  order  one  on  approval. 

:  in  your  own  circuits  under  your  own  operating  con- 
is  for  10  days.  Then  if  you  are  not  satisfied,  we  will 
d  the  purchase  price. 

GENERAL  RADIO  COMPANY 


Write  for 
Bulletin 
104-E 

Address 

30  STATE  ST., 

Cambridge,  Mass. 


If : 

Try  it 
dition 
refun( 
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R.  F.  output 


R.  F.  Amp, 


Gas-tride  control, 
separately  synchronized 

is  put  through  a  distorting  amplifier, 
which  limits  the  pulse  length  to  ap¬ 
proximately  500  microseconds.  The  use 
of  a  mercury  vapor  triode  as  a  relax¬ 
ation  oscillator  is  also  suggested.  This 
circuit  takes  two  forms:  in  one  a  con¬ 
denser  is  charged  from  the  battery 
through  a  resistance  and  discharges 


Self-synchronized 
diode  circuit 


through  the  mercury  vapor  triode  un¬ 
der  the  control  of  the  synchronizing 
voltage  applied  to  its  grid.  In  the 
second  case  the  condenser  is  charged 
through  a  diode  which  operates  only 
on  the  positive  half  of  each  alternat¬ 
ing  current  cycle.  The  grid  in  the 
triode  is  operated  180  degrees  out  of 
stage  of  the  charging  potential,  so 
the  discharge  takes  place  only  when 
the  diode  is  non-conducting.  The  re¬ 
sult  is  a  very  high  degree  of  reliabil¬ 
ity  and  accurate  synchronization  over 
long  periods  of  operation. 
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UNITED 

TUBES 


MERCURY  RECTIFIER 

TYPE  975 -A 


Ev*ry  radio  engineer  having 
charge  of  transmitters  of  2*/2  kilo¬ 
watts  or  more  should  consider  the 
generous  heavy  duty  characteris- 
tiee  and  dimensions  of  the 
UNITED  975-A. 

No  other  rectifier  on  the  mar¬ 
ket  between  the  '72-A  and  the 
‘69-A  "measures  up"  to  this 
UNITED  tube,  in  overall  siia, 
shielding  or  break  down  factor. 

Far  greater  vacuum  space  is  ob¬ 
tained  through  use  of  the  long 
straight  side  envelope.  Large  Svea 
metal  shield  and  anode  are  used, 
so  that  the  filament  is  not  too 
closely  hooded.  This  materially 
extends  the  emission  life,  as  experi¬ 
ence  with  our  972-A  has  so  defi¬ 
nitely  proved. 

Ratings  and  Description 

Half  arava.  ahialded  filament,  mercury  reetl- 

ner. 

Max.  evarall  dimeniiont  3'  x  10%'. 

Max.  peak  Inverse  volts  IS.OOO  (I7,SOO— 
faatory  test). 

Max.  peak  plate  current  6.0  amperes. 
Avsrapa  plate  current  I.S  amperes. 
Fllamaat:  S  volt  10  amp.— coated  emitter. 
Baea:  Standard  50  watt. 

Price  $30.00 


UNITED  ELECTRONICS  COMPANY 

42  SPRING  ST.,  NEWARK,  N.  J. 


fS  ONLY 
Oh^COJ^mOl 

j  Awrmr^A  ] 

l  (3^nila£aJ) ! '] 


GORDON  ISCHE 

on*  of  the  outstanding  ra¬ 
dio  dealers  of  Milwaukee. 


.  .  .  says  Gordon  Ische 


do  considerable 
radio  repair  business  with 
an  efficient  service  de- 


that  gives  trouble  .  .  .  we 
replace  them  with  CEN 
TRALABS . . .  the  customer 


partment.  In  many  cases  is  well  pleased  and  we 
it  is  the  Volume  Control  never  have  a  'kick-backV 


CENTRALAB  Division  of  Globe-Union  Inc,  Milwaukee 

CANTERftURY  ROAD,  KILBURN,  LONDON  N.  W.  6,  ENGLAND 
118  AVE  LEDRU'ROLLIN,  PARIS,  FRANCE 


ISCHE  BROS,  famous 
stor*  at  5527  W.  North 
Avonue,  and  famous 
Eloctric  Noon  sign.  Hoad- 
quartors  for  good  radios 
and  good  repair  service. 
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THE  ELECTRON  ART 


tion  can  be  considerably  shortened.  It 
can  be  shown  that  the  above  equalities 
not  only  result  in  a  simpler  mathe¬ 
matical  solution  but  also  obtain  for 
optimum  circuit  operation.  With  these 


ip  ACH  month  the  world's  technical  literature  is  scanned  to 
see  what  physicists  and  engineers  are  doing  with  tubes,  for 
presentation  in  tabloid  form  to  Electronics'  readers. 


nections  in  which  case  we  have  a  two 
stage  resistance  coupled  amplifier  with 
slightly  unusual  output  circuit.  The 
elements  C,  and  Rs,  which  serve  only 
to  give  proper  bias  to  the  grid  of  the 
first  tube  by  isolating  it  from  the 
plate  supply  of  the  second  when  feed¬ 
back  occurs,  may  be  neglected. 

Let  an  alternating  voltage,  eo,  of 
angular  frequency,  w,  exist  between 
the  grid  and  filament  of  the  first  tube  substitutions,  and  combining  the  ex- 
whose  amplification  factor  is  Mi  and  pressions  in  the  preceding  paragn’aph 
whose  internal  plate  resistance  is  rpi.  we  obtain, 

The  output  voltage  of  this  amplifier 
which  appears  across  Ri  will  then  be, 
epi  =  MiRie«i/  (rpi  +  Ri)  =  mVii,  if  we  ne¬ 
glect  the  effects  of  Ci  and  R,  which  are 
in  parallel  with  Ri.  As  a  result,  the 
voltage  on  the  grid  of  the  second  tube 
will  be,  ett  =  Rtepi/ (Ri  +  Xcj) ,  which, 
in  turn  gives  rise  to  an  output  voltage. 


Under  the  title,  “Uber  Riickkopp- 
lungschultungen  ohne  Resonanzkreise” 
appearing  in  Vol.  13,  No.  4  of  the 
Elektrische  Nachrichten-Technik  for 
1936,  M.  Lattmann  and  H.  Salinger 
present  a  discussion  of  several  oscil¬ 
lator  circuits.  One  of  the  circuits  de¬ 
scribed  consists  of  a  two  stage  resist¬ 
ance  coupled  amplifier  with  the  output 
of  the  second  stage  coupled  to  the  input 
of  the  first  stage.  At  first  the  circuit 
appears  to  be  the  same  as  the  multi¬ 
vibrator  circuit  of  Abraham  and 
Bloch,  but  examination  shows  that  the 
coupling  from  the  output  of  the  sec¬ 
ond  stage  to  the  input  of  the  first 
reverses  the  RC  elements  of  the  multi¬ 
vibrator  circuit.  This  simple  change  in 
coupling  permits  of  the  production  of 
oscillations  between  0.01  cycle  and  100 
kc.  per  second  having  sensibly  sinu¬ 
soidal  wave  form. 

The  schematic  wiring  diagram  of 
the  oscillator  is  that  given  with  the 
feed-back  connections  (indicated  by 
dotted  lines).  For  purposes  of  analy¬ 
sis  we  may  break  the  feed-back  con- 


Schematic  wiring  diagram  for  the 
oscillator  circuit  using  non-reson¬ 
ant  circuit  elements.  By  inter¬ 
changing  Rt  and  Cj  the  usual 
multivibrator  circuit  is  obtained 


(fti  -I-  A'  c,)* 

The  conditions  for  stable  operation,  and 
those  which  obtain  when  the  feed-back 
circuit  is  closed  are  that  en  =  Cn  so 
that 


(Ri  w  C,  +  /)« 

Let  RiCt  =  1/wo.  Then,  remembering 
that  both  Mo  and  w  are  positive,  the  so¬ 
lution  for  the  above  equation  is. 


By  putting  R,  =  i?,;  R, 


Ml  =  Mj;  and,  conse- 
=  Mo  the  circuit  solu- 


quently,  m'i 


ATOM  BENDER  REVEALS 
RELATIVE  WEIGHTS 


This  expression  can  be  made  a  pure 
imaginary  (which  is  the  condition  for 
sinusoidal  oscillation)  by  letting  Mo*  = 
2,  in  which  case  we  obtain  «  =  y«o. 
Thus,  a  sinusoidal  oscillation  of  fre¬ 
quency,  /  =  ll2^RiCi  can  be  sustained 
although  no  such  possibility  exists  in 
the  case  of  the  usual  multivibrator  cir¬ 
cuit,  where  the  numerator  would  read 
(Ri«Ci)*  instead  of 

The  oscillations  produced  by  this 
circuit  are  fairly  sinusoidal.  In  the 
audio  range,  harmonics  amounting  to 
about  4%  have  been  measured.  At 
very  low  frequencies  no  measurements 
were  made  of  distortion,  but  oscillo¬ 
grams  show  a  remarkably  good  wave 
shape. 

The  frequency  can  be  varied  by 
changing  the  values  of  Ri  or  Ci.  By 
providing  adjustable  values  of  Ri  and 
Ci  an  a-c  source  of  utmost  simplicity 
is  provided  which  presents  some  of  the 
characteristic  features  of  the  hetero¬ 
dyne  oscillator.  Tubes  having  two  tri- 
ode  structures  in  the  same  envelope 
can,  of  course,  be  used  to  produce  a 
single  tube  oscillator,  and  by  providing 
a  switching  arrangement  to  change  the 
output  circuit  of  the  second  stage,  this 
sinusoidal  oscillator  circuit  can  be 
changed  over  at  will  to  the  usual  multi¬ 
vibrator  arrangement. 


This  new  mass  spectrograph  at  Harvard  University  treats  streams  of 
charged  atoms  like  cathode  rays,  weighs  them  relatively,  makes  dis¬ 
covery  of  isotopes  easy.  Professor  Kenneth  Bainbridge  is  in  charge 
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/  Xc,  X 

/  Mt  Rj  \ 

\Xct+  rJ 

\  Tpj  4-  R»  / 

3f:i^-55r‘ 


KMA 


TRUSCDN///^ 


AND  GAINS  THESE  ADVANTAGES 

KMA,  Shenandoah,  Iowa,*’investigated  before  invest¬ 
ing”  in  a  new  antenna  system.  Note  the  following 
partial  list  of  advantages  afforded  by  TRUSCON 
VERTICAL  RADIATORS: 

1.  Greatly  enlarged  primary  service  area  with 
no  increase  of  power  input. .  .  2.  Practically  total 
elimination  of  night  fading.  .  .  3.  Advantage  of  low 
overturning  moment  at  base  due  to  radical  reduction 
in  wind  load  on  structure,  in  comparison  with  con¬ 
ventional  tower  design,  permits  narrow  base  structure. 
This  is  equivalent  in  operation  to  theoretically  uni¬ 
form  cross  section.  .  .  4.  Additional  assurance  that 
modern  high  fidelity  transmission  equipment  will 
produce  greatest  potential  efficiency  because  of  non¬ 
interference  features  of  TRUSCON  Self-Supporting 
VERTICAL  RADIATORS.  .  .  5-  Greatly  increased 
resistance  to  possible  interference  from  other 
stations  operating  with  greater  assigned  power. 
...  6.  Increased  commercial  advantages  accruing 
from  better  broadcasting  and  better  reception. 

IMPORTANT  NOTE 

TRUSCON  VERTICAL  RADIATORS  are  economically  designed,  self- 
supporting  structures  capable  of  resisting  terrific  wind  pressures  of 
hurricane  intensity.  They  are  available  in  fractions  up  to  five-eighths 
wave  length  for  the  complete  range  of  broadcasting  frequencies.  For 
complete  details  and  the  cooperation  of  Truscon  engineers . . .  write 

TRUSCON  STEEL  COMPANY  •  YOUNGSTOWN,  OHIO 


TRUSCON 


VERTICAL 


RADIATORS 
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-Chrome)  ^ 


“Tophet  C”  i*  the 
choice  of  critical  reaia- 
tor  manufacturera. 

• 

Drawn  down  ai  fine  ai 
.COOS'  dia. 


• 

High  tpecific  raaiatance 
peraiita  maximum  ohm- 
age  in  minimum  wind¬ 
ing. 

• 

Cloaeat  toierancea  main¬ 
tained  relative  to  dia¬ 
meter  and  reaiatanee. 


Special  type  spool  for 
easy  unwinding. 


Photoelectric  Pyrometer 

The  phototube  has  been  put  to  work 
in  the  photoelectric  pyrometer  which 
is  an  instrument  for  indicating  or  re¬ 
cording  the  temperature  of  incandes¬ 
cent  bodies.  Essentially  the  device 
consists  of  a  phototube,  toward  which 
the  radiant  energy  to  be  measured  is 
directed,  a  very  stable  vacuum  tube 
amplifier,  and  the  required  and  asso¬ 
ciated  power  supply  equipment,  accord¬ 
ing  to  W.  R.  King  whose  article  “The 
Photoelectric  Pyrometer"  appears  in 
the  November  issue  of  the  General 
Electric  Review. 

The  main  features  of  this  form  of 
pyrometer  is  that  it  provides  a  con¬ 
tinuous  indication  or  record  of  the 
temperature  of  incandescent  bodies 
without  appreciable  time  lag. 

The  pyrometer  makes  use  of  Wein’s 
displacement  law  which  states  that  the 
relation  between  wavelength  of  maxi¬ 
mum  radiation  intensity  and  the  abso¬ 
lute  temperature  is  a  constant.  Since, 
therefore,  the  wavelength  of  maximum 
radiant  energy  is  inversely  propor¬ 
tional  to  the  absolute  temperature,  the 
phototube  response  (which  varies  as 
the  intensity  of  the  radiations  imping¬ 
ing  upon  it)  will  vary  with  the  tem¬ 
perature  of  the  body.  The  exact  man¬ 
ner  in  which  temperature  variations 
are  related  to  phototube  output  current 
will  depend  upon  the  spectral  sensi¬ 
tivity  of  the  phototube. 


Why  "TOPHET"?® 

Because  it’s  the  product  of  Wilbur  B.  Driver — the  founder 
of  the  resistance  wire  industry  in  the  United  States.  Indeed, 
every  spool  of  this  lonK-llfe  nickel-chrome  alloy  produced  by 
this  company  bears  his  initials.  •  .4n  enviable  reputation  is 
Jealously  safeguarded.  *  And  manufacturers  of  sood  wire- 
wound  resistors  appreciate  such  certification. 


WILBUR  B.  DRIVER  CO. 


^Announcing  a  new 

REMLER 


HI  -  FIDELITY 
TRANSCRIPTION 
UNIT 


Famous  Remler  quality  .  .  .  sturdily 

constructed  with  precision  accuracy  to 
stand  up  under  the  grueling  test  of  continuous  service. 
Improved  mechanical-filter  drive  system  provides  constant 
speed  and  freedom  from  wow  at  either  33%  or  78  R.P.M. 
FEATURES:  True  synchronous  motor,  condenser  starting, 
mounted  on  rubber.  Exclusive  rotter-baring  planetary  speed 
reduces  drive  for  33%  R.P.M.  Speed  change  by  simple 
^  lever.  Oil-damped  mechanical  filter  in  drive  shaft.  Heavy 

16"  "flywheel"  platter.  High  fidelity  lateral  pickup  and 
equalizer  gives  response  within  3  db.  from  45  to  6600  C.P.S.  Ball-bearing  mounted 
long  radius  pickup  arm,  with  adjustable  needle  pressure — 1/2  oz.  to  6  oz. 

Available  in  cabinet  or  as  a  unit  for  mounting  in  control  table.  All  parts  mounted 
in  heavy  cast  iron  framework  assuring  permanent  alignment  and  simple  installation. 
The  price  is  unusually  low.  Send  for  complete  information. 

REMLER  COMPANY,  LTD.,  19th  at  Bryaat,  Saa  Francisco 


REMLER-THE  RADIO  FIRM  AS  OLD  AS  RADIO 


trr 


•cti  ler  filitr  '  Peguloftor  \Bias  m/iustment 
tube  Doferifiometar  - 


Schematic  wiring  diagram  of  the  ph 
electric  pyrometer.  A  type  57  pentod 
used  to  amplify  the  output  of  the  ph 
tube 


A  simple  circuit  is  used  ir.  this  type 
of  pyrometer,  as  indicated  by  the  sche¬ 
matic  wiring  diagram.  The  amplifier 
is  required  because  the  output  cur¬ 
rent,  which  is  of  the  order  of  a  few 
microamperes,  is  insufficient  to  operate 
any  control  equipment.  Hign  amplifi¬ 
cation  is  obtained  through  the  use  of 
a  pentode  amplifier  circuit.  The  photo¬ 
tube  and  amplifier  circuits  are  supplied 
with  direct  current  from  a  rectifier 
and  filter  unit  contained  within  the 
pyrometer.  Because  voltage  variations 
would  affect  the  accuracy  of  the  py¬ 
rometer  appreciably  a  two  element  gas 
filled  tube,  connected  in  series  with  a 
resistor  across  the  output  of  the  rec¬ 
tifier  and  filter,  is  used  as  a  voltage 
regulator. 


formerly  GILBY  WIRE  COMRANV 

NEWARK,  NEW  JERSEY 
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Distribution  of  Current  in 
Pentodes  and  Hexodes 

[H.  Rothe  and  W.  Kleen,  Telefunken 
Laboratory]  In  tubes  with  several 
grids  not  only  the  plate  but  at  least 
one  of  the  grids  is  at  a  positive  poten¬ 
tial  with  respect  to  the  filament.  The 
presence  of  two  positive  electrodes 
causes  these  tubes  to  differ  in  princi¬ 
ple  from  three  electrode  tubes  in  which 
the  grid  has  a  negative  bias.  When 
both  grid  and  plate  in  a  three-electrode 
tube  are  made  positive,  current  flows 
to  both  electrodes.  Apart  from  the 
dimensions  and  spacing  of  the  elec¬ 
trodes  which  are  constant  for  a  given 
type  of  tube,  the  ratio  between  the 
two  currents  depends  merely  on  the 
ratio  c^/c,  between  the  two  potentials 
applied  to  the  electrodes.  Two  main 
cases  may  be  distinguished:  either  Cj. 
the  voltage  on  the  plate,  is  much  larger 
than  c„  the  voltage  on  the  grid  (Tank’s 
case),  or  c,  is  much  larger  than  Cj 
(Below’s  case).  In  Tank’s  case  all  the 
electrons  which  have  passed  through 
the  grid  proceed  straight  forward  to 
the  plate.  In  Below’s  case  the  path 
of  the  electrons  is  bent  toward  the 
grid  wires,  and  electrons  having  passed 
through  the  grid  may  still  be  deflected 
and  caused  to  turn  back.. 

When  c,  is  lower  than  e„  which  is 
assumed  to  be  high  enough  to  pro¬ 
duce  the  saturation  current  I,  the  dis¬ 
tribution  of  the  current  is,  therefore, 
determined  by  the  number  of  electrons 
which  are  thrown  back  by  the  retarding 
field  along  a  parabolic  path.  In  this 
case 


where  C,  =  4  a  6  p/s  (o-f  6) ,  where  a  is 
the  distance  between  plate  and  grid, 
6  the  distance  between  grid  and  fila¬ 
ment,  and  8  the  distance  between  grid 
wires.  The  fraction  I — p)  of  the  total 
emission  7,  which  is  collected  by  the 
grid,  is  nearly  constant  whatever  the 
ratio  eje,.  The  larges  s  and  the  smaller 
o  and  6,  the  larger  the  ratio  e,/e,  neces¬ 
sary  for  preventing  loss  of  electrons 
by  deflection  in  the  face  of  the  plate. 
Measurements  show  that  hexodes  obey 
Below’s  law  quite  closely. 

In  Tank’s  case,  on  the  other  hand, 
a  change  in  the  ratio  e,/c„  affects  di¬ 
rectly  the  number  of  electrons  col¬ 
lected  by  the  grid. 


AIJDl-O-GRAPH 


the  answer  to  the  demand  for  a 

! 

I  FULLY  AUTOMATIC 

i  RECORDER 

!  for 

I  AUDIO  FREQUEIYCY 

MEASUREMENTS 

Protlure8  an  ink-drawn  graph  of  audio  frequency  char- 
acterislicg  for  microphones,  transformers,  amplifiers,  loud¬ 
speakers,  and  filters  operated  umler  conditions  of  normal 
use  as  well  as  under  standard  test  conditions. 

Appointments  for  demonstration  of  the  Audi-O-Craph 
in  your  laboratory  are  now  l)eing  made  in  the  sequence 
in  which  requests  are  received.  For  demonstration  schedule, 
write 


with  C,  =  F(6/o-{-6)'*,  where  F  is 
the  ratio  between  the  area  actually 
occupied  by  the  gprid  wires  and  the 
total  area  enclosed  between  the  grid 
wire.  Pentodes  work  in  this  region, 
at  least  so  long  asc,  is  higher  than 
Cj.  Four  electrade  tubes  occupy  a 
special  position  owing  to  the  amission 
of  secondary  electrons  by  screen  and 
plate. 


TOBE  DEETSCHMANN 

CORPORATION 

Instrament  Division 

CANTON  MASSACHUSETTS 
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TRANSDUCER  CORPORATION 
30  Rockefeller  Plaza 
New  York,  New  York 


Callite  Products 

HAVE  TESTED,  P  R  O  \  I:  S 
QUALITY 


Rod,  SRfct,  Wire  .md  Spoiial  Shapv’" 
l  or  Grids,  Round  or  Hat 
I'or  t'lrids,  i'upporis,  Hcatiny  Elements 
H.ird  Gl.iss  W  elds 


For  Grids,  Round  or  f  lat 
Kulprid  “C.”  Tun>:sten  W 


AU  S/zes  ittnl  ShiifHS  lor  A!l  Af>l>l'ii/tioin 
.  Tuni:sten  •  Molybdeti'in. 

.  Silver  and  Platinum 
.  •  Speeial  .Mloys 

•  Ys'rH.chi  ‘nJusttviry 

Previous  Metal  Laminated 

SiUer  .ir»J  ri.itinuin  -..n  I'mnc  NUe  i  ■* 


FLUORESCENT  MATERIALS 

-  iTH  — 

iM easurt'd  Characteristics 

.  .  .  l\)r  .-Xll  Applications 

Callite  Products 

Pui-ion  Ot  nSIIR  nh.  TRK.  tXSRp 

544  '  '9th  STREET  •  I'MON  CITY,  N.  J. 


Tank’s  law  of  the  current  distribu¬ 
tion  allows  us  to  deduce  the  main  prop¬ 
erties  and  constants  of  pentodes,  at 
least  of  r-f  pentodes  for  which  the 
plate  potential  has  a  negligible  influ¬ 
ence  upon  the  current  flowing  from 
the  cathode.  The  suppressor  grid  is 
assumed  to  be  connected  to  the  cathode 
(Cj^zero).  The  potential  acting  in 
the  region  occupied  by  this  grid  which 
collects  no  current  is  equal  to  Aet+Be^, 
where  the  factor  A  expresses  the  influ¬ 
ence  of  the  plate  potential,  and  the 
factor  B,  often  overlooked,  the  influ¬ 
ence  of  the  screen  potential,  upon  the 
plate  current  in  this  region.  Hence 


T. R.  2 — Standard  model  “Bullet"  .  .  . 
the  ultimate  in  dynamic  microphone  de¬ 
sign  and  performance  .  .  .  List  price,  any 
impedance  .  .  .  539.50. 


so  long  as  exceeds  Aet-\-Bet.  Since 
t.  may  be  replaced  by  (7 — u)  the  for¬ 
mula  expresses  a  relation  between  u 
and  C4  when  e,  is  constant.  Differen¬ 
tiation  of  C4  with  respect  to  ti  gives 
the  internal  resistance  of  the  tube. 
The  resulting  formula  is  rather  com¬ 
plicated  but  it  shows  that  the  inter¬ 
nal  resistance  of  r-f  pentodes  in  nor¬ 
mal  operation  is  inversely  proportional 
to  the  plate  current,  proportional  to 
the  plate  voltage,  and  practically  inde¬ 
pendent  of  the  screen  potential.  Inte¬ 
gration  of  beJbu  =  heJu  (when  Cj 
and  e,  are  constant),  leads  to  the 
equation  for  the  plate  current  i,  = 
const.  (64)  V^  which  represents  a  para¬ 
bola  of  a  higher  order. 

The  grid-plate  conductance,  g^,  or 
ratio  of  plate  current  change  to  con¬ 
trol  grid  voltage  change  when  72,  and 
are  kept  constant  follows  from  the 
relation  g  =  aVi*  and  the  law  of  cur¬ 
rent  distribution,  k. 


T.  R.  3  —  New  model  “Bullet". . .  smaller 
than  TR2  but  with  relatively  the  same 
characteristics  .  .  .  List  price,  any  im¬ 
pedance  .  .  .  524.50. 

Send  /or  circmUr’‘E''  and  technical  data 


These  cylinders,  as  far  as  func¬ 
tion  is  concerned,  are  actually 
high  speed  vacuum  pumps 
which  work  faithfully  and  effi¬ 
ciently  during  the  entire  life  of 
the  tubes  in  which  they  are 
used. 

Tantalum  plates  have  been 
conclusively  demonstrated  to  be 
the  most  effective  “getter” 
which  can  be  used  in  a  power 
tube.  Tantalum  being  non¬ 
volatile,  it  absorbs  and  locks  up 
stray  gases,  and  does  not  liber¬ 
ate  them  at  any  temperature 
safe  for  glass  bulbs. 

More  and  more  tube  manu¬ 
facturers  have  turned  to  tan¬ 
talum,  finding  that  tantalum 
tubes  perform  better,  last 
longer,  and  command  non-com¬ 
petitive  prices. 

The  facilities  of  the  Fansteel 
laboratory  are  at  the  disposal  of 
interested  tube  manufacturers. 

ELECTRICAL  CONTACTS  of  tonffloB,  molyb- 
donnaa,  plaliniim,  tilTor  and  olloyt,  desicaed 
and  mado  by  FaiuteoL  afford  oxtra  deponda- 
bilily  is  rolayi  and  other  eloctronic  operated 
derices. 


gt=kg/{k-\-i)==AiA 


It  is  smaller  than  g,  which  is  to  be 
expected,  but  like  g,  proportional  to 
the  third  root  of  the  plate  current. 

Internal  resistance  and  mutual  con¬ 
ductance  determine  as  usual  the  am¬ 
plification  factor,  which  in  contrast 
with  three  electrode  tubes  is  no  longer 
defined  by  the  electrostatic  fields  be¬ 
tween  the  electrodes.  The  amplifica¬ 
tion  factor  M  =  gJt  is  larger  the  small¬ 
er  u  and  the  higher  C4.  When  the 
influence  of  the  plate  potential  upon 
the  current  I  emitted  by  the  cathode 
may  no  longer  to  be  neglected,  as  is 
the  case  in  output  pentodes,  it  is 
further  necessary  to  state  the  value  D 
expressing  the  ratio  between  a  change 
in  control  grid  voltage  and  plate  cur¬ 
rent  when  c,  and  7  are  kept  constant. 
When  D  differs  from  zero,  the  tube 
behaves  as  if  R^,  a  resistance  (fc-l-l)fc 
times  the  ratio  bRddl  with  c,  and  e, 
constant,  had  been  placed  in  parallel 
with  the  resistance  R  defined  by  the 
current  distribution. — Telef.  Rohre  No. 
6:1—23,  1936. 


Fansteel 


METALLURGICAL  CORPORATION 
NORTH  CHICAGO,  ILUNOIS 


TANTAUIM 
TUNGSTEN  « 
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L/nce  again 

1  11 

we  have  had 

to  revamp  our  plans 

Radio  tube  manufacturers  are  now  taking  daily  ship¬ 
ments  of  many  thousand  Superior  Seamless  and  Lock- 
seam  Cathode  Sleeves. 

In  the  first  month  of  1937  shipments  exceeded  the  entire 
first  quarter  of  1936. 

Production  of  Lockseam  Cathodes  in  large  quantities  has 
released  much  of  our  equipment  for  the  manufacture  of 
Seamless  Tubing  in  Nickle,  Inconel  and  Monel — what 
we  term  the  nickle  family. 

This  in  turn  has  enabled  us  to  increase  production 
schedules  to  care  for  current  demands  and  to  say — 

"we  are  prepared  to  serve" 


SUPERIOR  TUBE  CO.,  NORRISTOWN,  PA. 

25  miles  from  Philadelphia  •  100  miles  from  New  York 


Recent  Government 
Publications 

The  1935  census  of  business  con¬ 
ducted  by  the  Department  of  Com¬ 
merce  has  included  for  the  first  time 
a  survey  of  radio  broadcasting  activi¬ 
ties.  This  material,  which  deals  with 
classification  and  number  of  broad¬ 
casting  stations,  advertising  revenue, 
sale  of  time  and  talent,  number  of  em¬ 
ployees,  pay  rolls,  etc.,  is  broken  down 
according  to  geographical  classification 
as  well  as  according  to  the  power  out¬ 
put  of  the  station.  A  considerable 
number  of  tables  and  charts  are  given. 
The  75  page  booklet  was  prepared  by 
the  Bureau  of  Census,  United  States 
Department  of  Commerce,  Washington. 

“The  Measurement  of  Currents  at 
Very  High  Frequencies”  is  a  transla¬ 
tion  of  a  German  article  of  the  same 
name  by  Herman  Schwarz  which  orig¬ 
inally  appeared  in  Hochfrequenztech- 
nik  und  Electroakustic,  Jarhbuch  der 
Drahtlosen  Telegraphie  und  Telephonie, 
May  1932.  This  is  a  23  page  mimeo¬ 
graphed  article  with  27  English  and 
German  references.  Twenty  half-tone 
and  line  drawings  are  reproduced  from 
the  original  article.  The  errors  and 
precautions  to  observe  in  making  high 
frequency  measurements  with  thermal 
measuring  instruments,  current  trans¬ 
formers,  electrodynamic  instruments, 
and  indirect  methods  of  measurement 
are  given. 

The  Bureau  of  Foreign  and  Domes¬ 
tic  Commerce,  Department  of  Com¬ 
merce,  Washington,  D.  C.  has  re¬ 
cently  published  “A  Guide  to  Recep¬ 
tion  of  Shortwave  Broadcasting  Sta¬ 
tions,”  which  provides  a  simple  exposi¬ 
tion  of  the  basic  phenomena  involved 
in  the  transmission  and  reception  of 
shortwave  radio  signals  as  u-sed  for 
broadcasting.  Such  matters  as  the 
call  letters  and  frequencies  of  the  more 
important  high-frequency  broadcast 
stations  and  time  differences  in  vari¬ 
ous  parts  of  the  world  are  treated  and 
the  book  should  prove  useful  to  short 
wave  radio  fans  interested  in  high 
frequency  broadcast.  The  price  of  the 
booklet  is  25  cents. 

The  “Directory  of  Commercial  Test¬ 
ing  and  College  Research  Laboratc- 
ries”,  which  is  available  Irom  the  Su¬ 
perintendent  of  Documents,  Washing¬ 
ton,  D.  C.,  for  fifteen  cents,  is  divided 
into  two  parts.  The  first  section  lists 
the  commercial  testing  laboratories  in 
the  United  States  arrang«Kl  alphabet¬ 
ically  in  accordance  with  the  geograph¬ 
ical  location,  and  indicates  the  type  of 
service  these  laboratories  are  able  to 
render.  The  second  part  of  the  direc¬ 
tory  gives  similar  information  about 
college  research  laboratories. 

Letter  Circular,  LC-473,  entitled 
“Photoelectric  Colorimeters”  is  a  19 
page  mimeographed  circular  which 
deals  with  the  proper  use,  principles 
of  construction,  properties  of  filters, 
errors,  and  the  various  characteristics 
of  colorimeters. 


'Ah,  take  the  cash  and  let  the  credit  go 
Heed  not  the  rumble  of  the  distant  drum 


—OMAR  KHAYYAM 


iSecause  ot  economy  in  transportation, 
storage  and  handling  of  shields  that  nest, 
together  with  ease  in  mounting  and  low 
price,  the  use  of 


GOAT 

FORM  FITTING  TUBE  SHIELDS 

means  cash  savings  to  set  manufacturers. 


GOAT  RADIO  TUBE  PARTS,  INC. 

314  Dean  Street  Brooklyn,  N.  Y, 

A  Division  of  THE  FRED  GOAT  CO.,  INC. 
Established  in  1892 


Users  Report  Most  Satisfactory 
Results  With.  This  New 

SOUND  RECORDING  INSTRUMENT 


Designed  to  meet  the  most  exacting  professional  requirements — sturdy 
construction — simple  in  operation— priced  within  the  range  of  every 
potential  user. 


•  liretal  Panel 

•  Extra  heavy  aluminum  turntable 

machined  all  over — perfectly 
balanced 

•  78  and  33-1/3  R.P.M.  speeds— in¬ 

stantly  available 

•  Speed  changed  by  moving  one  lever 

on  the  panel 

•  Lead  screw  held  at  perfectly  uni¬ 

form  pressure  by  self-adjusting 
thrust  bearing 

•  Enclosed  worm  gear 

•  Cutting  head  carriage  travels  on 

ground  stainless  steel  bar — In¬ 
suring  perfect,  long-life  bearing 

•  Interchangeable  lead  screw 


WRITE  FOR  CO.MPLETE  DESCRIPTIVE  LITER.4TIRE  AND  PRICE 


Also  manufacturers  of  the  famous  CLEEN-CUT  blanks  for  instan¬ 
taneous  recording.  Literature  and  price  list  sent  upon  request. 


ALLIED  DECORDIAG  PDODIJCTS  CO. 

Phone  BRyant  9-1435  126  West  46th  Street,  New  Y< 
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Plant  of  Spoor  Cmm 


yoart  an  ovor'd«pan<}af>Ti 


SPEER  CARBON  COMPANY 

ST.  MARYS,  PA. 
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SPEER  graphitie  anodes  are  used  by  leading  manufacturers  to  produce  radio  tubes  hav¬ 
ing  qualities  superior  to  those  obtainable  with  other  materials.  And  that’s  not  all  .  . . 

Constant  characteristic  values  throughout  long  life,  higher  wattage  dissipation,  with 
absence  of  hot  spotting  or  warping,  and  ability  to  resist  damage  from  accidental  over¬ 
loading,  are  qualities  inherent  in  tubes  made  with  SPEER  graphite  anodes.  Further,  the 
accuracy  with  which  SPEER  graphite  anodes  are  machined  permits  the  construction  of 
tubes  of  remarkable  uniformity. 

The  extra  service  and  satisfaction  obtainable  by  users  of  tubes  with  SPEER  Graphite 
Anodes  are  important  enough  to  justify  a  prompt  trial. 

Write  for  booklet  on  graphite  radio  anodes.  It  gives  detailed  facts.  Names  of  well- 
known  tube  producers  using  SPEER  Graphite  Anodes  will  be  sent  on  request. 


Qualiky-graphit*  products. 


I 


XHIS  new  model  is  the  last  word 
in  porcelain-vitreous  enamel  construclioii. 

A  newly  patented  contact  system  gives  exception¬ 
ally  smooth  control. 

All  moving  parts  are  enclosed;  great  strength  and 
ease  of  mounting  are  provided  hy  new  metal  mount¬ 
ing  plates. 

Two  popular  sizes — 50  and  150  watts  in  a  wide 
range  of  resistance  values — are  available  now,  larger 
sizes  will  be  ready  soon. 

Write  for  further  information... and  remember 
the  mark  means  reliable  rheostats  and  resistors. 


HARDWICK,  HINDLE  •  INC. 
136  Pennington  Street,  Newark,  N.  J. 


KIRKLAND 


BULLS-I-UNITS 


IDEAL 


PILOT  LIGHTS 

Prominent  mannfactarers  nse  Bolls-I- 
Units  becanse  they  are  a  credit  to 
their  product. 

Predominating  Features 

*  Labor  saTing,  tingle  hole  moonting 

*  For  any  thiekneti  of  panel  to 

*  Lamp  easily  removed  from  the  front 

*  Utot  standard  lamps,  all  voltages 

*  Special  process  lent,  180  degrees  vision 

*  Any  color  effects,  symbols,  letters,  etc. 

*  Sodtet  of  Navy  specification  bakelite 

*  Self-locking  screw  base,  (candelabra) 

*  Chromium  finish,  (brats  or  bronze  too) 

^  Reasonable  in  cost 

When  Bollfl-Units  are  mounted  in 
a  group,  on  a  panel,  or  in  a  cabinet, 
a  perfect  Lamp  Annunciator  is 
effected  at  a  low  cost. 

.OOOOO 

TYPICAL  ANNUNCIATOR  MOUNTING 

Write  for  catalogue  sheets 

Distributed  and  Guaranteed  by  the 

GRAYBAR  ELECTRIC  CO.,  INC. 

The  H.R.  Kirkland  Co..  75  WestSl.N.Y. 


Sensitive  Current 
Measuring  Instrument 

The  December  1936  issue  of  the 
“Review  of  Scientific  Instruments’’’ 
contains  a  number  of  interesting 
and  useful  articles  dealing  with  the 
application  of  thermionic  vacuum 
and  gaseous  tubes.  Of  the.se,  “An 
improved  vacuum  tube  microamme¬ 
ter’’  by  A.  W.  Vance  is  sufficiently 
general  as  to  be  of  interest  to  any 
who  may  be  required  to  make  meas¬ 
urements  of  low  values  of  current. 

The  essentials  of  this  vacuum  tube 
'  microammeter  are:  (a)  a  high  re- 
!  sistance  in  the  input  circuit,  (b)  a 
I  direct  current  amplifier  of  high  gain 
which  is  highly  stabilized  through 
;  the  use  of  degenerative  feedback, 
j  (c)  a  large  conden.ser  in  shunt  with 
I  the  output  circuit  in  order  to  pre- 
i  vent  oscillation,  and  (d)  a  meter  in 
the  output  circuit  of  the  amplifier 
j  in  order  to  measure  the  current  in 
the  high  impedance  input  circuit. 


I  At  butinast  paper  pub- 
;  lithert  ior  over  iUty 

years,  McGrow-HUl  is  uniquely  equipped  to 
oiler  complete,  authoritatiee  direct  mail  esv- 
I  eraqe  of  Industry's  molor  markets.  Extreme 
accuracy  is  maintained  (guaranteed  to  98°.) 
and  thorough  careful  analysis  of  markets, 
complete  classification  of  componiet  and  per¬ 
sonnel,  etc.,  the  widest  possible  selections 
are  ayailable.  Send  for  handy  reference 
folder  "Hundreds  of  Thousands  of  Reasons 
Why"  which  describes  how  McGraw-Hill  Lists 
are  built  ond  mointained. 

What  Fields  Do  Yom  Want  to  Roach? 

Ayiation 

Bus  &  Electric  Railways 
Ciyil  Engineering  and  Construction 
Coal  Mining 
Electrical  Construction 
'  Electrical  Industry 

Food  Industries 
Metol  Mining 

Metal  Working  Industries 
I  Process  Industries 

I  Textile  Industries 

Administrotiye  Executives 
Electrical  Dealers  &  Wholesalers 
MUl  Supply  Houses 
Power  Services 

Product  Engineering  &  Design 
Production  and  Maintenance 
Radio  Dealers  &  Whole.ia’ers 
Radio  Engineering  &  Design 

For  further  details,  selections  from 
above  basic  classifications,  counts, 
prices,  etc.,  or  estimates  on  special  lists 
...  ask  any  representative  or  write  to 


Complete  Lieti  Covering  Industry’s  Major  Markets 


a/  eattmehr 
(000/1  or 

moro 


Schematic  wiring  diagram  for  instrument 
measuring  Id  ^  to  10  ampere,  full  scale 

The  schematic  diagram  shown  i.^ 
for  the  battery-operated  vacuum 
tube  microammeter  having  a  full 
scale  range  of  from  10  *  to  10  *  am¬ 
pere.  The  various  current  scales 
are  obtained  through  the  u.se  of  the 
several  resistors  in  the  input  or  grid 
circuit  of  the  first  tube.®.  By  using  a 
wide  range  of  input  resistances  the 
device  becomes  an  ammeter  with  cor¬ 
responding  wide  range 

Any  tendency  for  the  amplifier  to 
oscillate  is  prevented  by  the  capacity- 
resistance  series  network  shown 
shunted  across  the  grid  circuit  of 
the  third  or  output  tube.  An  odd 
number  of  tubes  must  be  u.sed  in 
the  amplifier  in  order  that  the  feed¬ 
back  to  the  grid  circuit  of  the  first 
tube  may  be  of  the  proper  polarity. 
If  the  amplifier  output  circuit  is  so 
designed  that  its  saturated  output 
is  insufficient  to  damage  the  output 
meter,  burn-outs  can  be  eliminated. 
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GENERAL  CERAMICS  COMPANY 

RCA  BUILDING,  NEW  YORK 


Marketing  Agents 

DIELECTRIC  PRODUCTS  CORPORATION 

24  5  CUSTER  AVENUE,  JERSEY  CITY,  N  J 
174  NORTH  WACKER  DRIVE,  CHICAGO.  ILL, 


M  solution  of  the  problem  of  Steatite 
manufacture  at  high  doily  output  and 
reasonable  price  has  been  found  by 
General  Ceramics.  Steatite  by  General 
Ceramics  now  flows  along  the  production 
lines  of  the  largest  monufocturers  like  any 
other  article  produced  in  the  modern  order 
of  moss  fabrication.  This  accomplishment 
takes  highest  honors  for  ceramic  achieve¬ 
ment  in  1936. 

If  a  direct  buyer  of  R.  F.  ceramics,  you 
should  know  more  about  General  Ceramics 
Steatite.  If  a  buyer  of  articles  Incorporating 
ceramics  you  should  Insist  that  your  supplier 
investigate  it.  General  Ceramics  Steatite 
will  cut  your  costs,  reduce  failures,  promote 
electrical  performance  and  aid  you  in  many 
ways.  General  Ceramics  Steatite  is  a  tough, 
strong,  non-hygroscopic  body,  low  in  loss. 
Get  the  facts  on  General  Ceramics  Steatite. 


INTRODUCING  A  NEW  BATTERY 


No.  774  "Eveready”  "C”  Battery  is  a  new  7l/2-volt  "C”  battery  designed  to  sup¬ 
ply  all  grid  bias  voltages  required  by  the  new  octal  base  2-volt  tubes. 

Socket  connection  for  minus  IV2,  3,  4V^  and  JVz  volts.  As  this  battery  is  in¬ 
tended  for  new  receivers  only  and  does  not  replace  any  existing  type,  no  adapter 
w'ill  be  furnished  for  it.  Connection  plugs  are  available  from  plug  manufacturers. 
Plug  cannot  be  placed  in  socket  of  any  other  type  battery. 

DiMnNSiONS;  4  1/32  in.  long,  1  13  32  in.  wide,  3  1  32  in.  high. 

The  five  cells  in  this  battery  are  accurately  sized  and  carefully  compounded 
especially  for  "C”  battery  work.  This  makes  its  capacity  bear  the  correct  rela¬ 
tion  to  "B”  battery  capacity,  so  that  with  proper  ’*C”  battery  bleeding,  the  ’’C” 
voltage  goes  down  in  step  with  the  "B”  voltage,  thus  preserving  the  ideal  rela¬ 
tionship  between  grid  and  plate  voltage  for  best  receiver  performance  through¬ 
out  the  entire  life  of  the  batteries. 

NATIONAL  CARBON  COMPANY,  INC. 

General  Offices:  New  York  City  •  Branches:  San  Francisco,  Chicago 
L/nif  oj  Union  Carbide  [TTWl  and  Carbon  Corporatioti 
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FOR  NEW  BATTERY  RECEIVERS 


where  Else  Can  You  Get  a 

Complete  Line  of  Speakers 

With  ALL  these  Outstanding  Characteristics? 

1 —  Flexibility  of  Application 

From  the  Broadcast  Control  Room  to  the  largest  Theater 

2 —  Frequency  Range 

Equal  to  that  oi  the  best  available  program  material 

3 —  High  Efficiency 

Up  to  10  times  the  usual  efficiencies  over  entire  frequency 
range 

4 —  Low  Distortion 

Very  small  harmonic  generation  even  at  lowest  frequen¬ 
cies;  transient  and  phase  distortions  practically  elimi¬ 
nated 

5 —  Uniform  Impedance 

Does  not  vary  2  to  1  over  entire  frequency  range 

e  Complet*  lin*  oi  auxiliary  •quipmvnt  arailabl* 

e  D«<ail*d  information  on  oach  oi  th«s«  porionnanc* 
charactoristio  supplied  on  request. 

LANSING  MANUFACTURING  GO. 

6900  McKinley  Ave.  Los  Angeles,  Colli. 


SIGMA  ANISOIIISCES 

THE  MODEL  2-A  RELAY 

A  12  milliwatt  semi-sensitive  instrument  for  general 
electronic  and  industrial  uses. 

It  ssitMdiM  the  following  features: 

Input  12  milliwatts,  D.C. 

Hair-spring  adjustment. 

Single- pole-double-throw. 

Operable  in  any  poeition  at  rated  input. 

Fine  Silver  Contacts  control  loads  up  to  I'/s  amperes  at 
110  volts  A.C. 

Neatly  housed  in  glass-topped  dust  cover. 

Mounted  on  5-pronged  plug-in  base  fitting  standard  V.T. 
socket. 

List  Price 

With  coil  resistances  up  to  2,000  ohms .  55.00 

With  higher  coil  resistances  up  to  8,000  ohms  5.50 

SIGMA  USSTBIJMEISTS,  IlSC. 

388  Trapelo  Road  Belmont,  Mass. 


DYNAMIC  MICROPHONES 


ARE  INCREASING  IN  POPULARITY 
because  they 
— have  greater  sensitivity 
— are  free  from  inductive  pickup 
— have  no  background  noise 
— can  work  with  long  lines 
— are  sturdiest  ever  produced 
— are  weatherproof 
— are  small  in  size 
— are  reasonable  in  price 

SOME  TERRITORY  STILL  OPEN  FOR  REPRESENTATION. 
Write  for  Latest  Bulletin  No.  3013 

RADIO  RECEPTOR  COMPANY.  INC. 

108  SEVENTH  AVE.  iJEW  YORK.  N.  Y. 


Improvement  in  Forei§rn 
Radio  Receivers 

Two  IMPORTANT  IMPROVEMENTS  in  ra¬ 
dio  receivers  are  discussed  by  C.  J. 
Van  Loon  in  the  September,  1936  issue 
of  the  Philips  Technical  Review.  These 
improvements  are  known  as  “touch 
tuning”  and  “low  frequency  counter 
coupling.”  A  common  method  of  in¬ 
dicating  the  correct  tuning  of  a  radio 
receiver  is  the  common  visual  indica¬ 
tors  such  as  the  electron  ray  indicator. 
A  similar  objective  has  been  achieved 
in  the  Philips  Research  Laboratory 
in  which  proper  tuning  is  indicated 
by  a  sudden  braking  of  the  tuning 
knob,  so  that  the  tuning  shaft  is  more 
difficult  to  rotate,  the  closer  one  ap¬ 
proaches  resonance.  This  braking  ac¬ 
tion  is  accomplished  by  means  of  a 
circuit  in  which  the  current  (which 
increases  as  resonance  is  approached) 

1  is  utilized  to  hold  the  tuning  shaft 
in  position  by  means  of  a  magnet.  An 
I  arrangement  can  also  be  quite  easily 
i  incorporated  with  this  circuit  which 
!  by  mechanical  means  keeps  the  re- 
!  ceiver  completely  silent  until  it  has 
'  been  correctly  tuned  to  the  desired 
frequency;  as  soon  as  the  braking 
magnet  is  energized  a  contact  is  closed 
at  the  same  time  which  connects  up 
1  the  loud  speaker  system.  In  this  way 
I  touch  tuning  is  combined  with  silent 
'  tuning. 

1  Audio  frequency  distortion  in  radio 
f  receivers  is  reduced  through  the  use 
of  “counter-coupling.”  It  turns  out 
that  the  “counter-coupling”  system 
discussed  is  fundamentally  the  same 
as  the  negative  feedback  or  degenera¬ 
tive  systems  which  have  caused  con¬ 
siderable  intere.st  in  this  country  in 
recent  months.  With  this  feedback  cir¬ 
cuit  distortion  at  the  low  frequency  entl 
of  the  audio  spectrum  is  reduced  to  a 
small  fraction  of  its  initial  value,  while 
at  the  same  time  the  frequency  char¬ 
acteristics  of  reproduction  are  also 
favorably  influenced. 


GERMAN  CHASSIS  DESIGN 


Unusual  layout  and  fine  attention 
to  mechanical  detail  characterize 
the  newer  German  radio  set  chas¬ 
sis.  The  coils  (inside  the  cylin¬ 
drical  water-tight  cans)  are  moved 
between  contacts,  instetid  of  being 
switched,  for  each  waveband 
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l^nitroiis  for  Welding 
('oiitrol  in  Electric  Weldinjr 

Very  high  currents  are  required  to  j 
produce  efficiency  in  melting  metals  < 
where  large  welds  are  concerned.  It 
is  desirable  to  accomplish  this  heating  I 
and  sub.sequent  cooling  very  quickly,  i 
so  that  the  melted  zone  does  not  travel  j 
from  the  welded  joint  to  the  welding  i 
electrode.  Short  timing,  coupled  with  j 
high  accuracy  of  current  and  time  j 
control  simplifies  the  welding  proces.s.  I 
Two  welding  requirements,  namely 
the  ability  to  pass  very  high  currents, 
and  quick  response  can  be  obtained  ! 


ings  in  the  January  issue  of  Electrical  1 
Engineering,  by  means  of  ignitrons. 

In  their  article  “Sealed-off  Ignitrons  j 
for  Welding  Control,"  the  authors  ' 
point  out  that  the  ignitron  is  particu-  | 
larly  suitable  for  welding  purposes  be-  i 
cause  the  mercury  pool  cathode  per-  1 
mits  the  conduction  of  unusually  high  i 
instantaneous  currents  and  quick  and  I 
accurate  response  is  attained  through 
the  u.se  of  the  igniter  electrode. 

The  figure  show’s  the  schematic  wir¬ 
ing  diagram  using  two  igniters  con¬ 
nected  “back  to  back.” 


Riiinbatron8  | 

According  to  the  January  1937  issue  ' 
of  the  Technology  Review,  the  term  j 
“rumbatron”  is  used  to  describe  a  new  , 
atom  disintegrator  now  under  con-  , 
struction  at  Leland  Stanford  Univer-  | 
sity.  There  is  .something  so  disruptive  j 
about  this  word  that  it  might  well  be  I 
Used  as  a  generic  term  for  the  numer¬ 
ous  atom  smashers  now  in  operation  or 
under  construction. 

The  Carnegie  Institute,  University 
of  California,  Columbia  University, 
Massachusetts  Institute  of  Technology, 
University  of  Michigan,  Stanford  Uni¬ 
versity  and  the  University  of  Wiscon¬ 
sin  are  among  the  institutions  which 
have  gone  into  the  atom  smashing 
bu  siness.  The  research  laboratories 
of  the  Westinghouse  Electric  &  Manu¬ 
facturing  Company  at  East  Pitts¬ 
burgh  have  started  construction  on  an 
electrostatic  generator  designed  along 
the  lines  laid  down  by  M.I.T.’s  Profes¬ 
sor  of  Physics,  R.  J.  Van  de  Graaff. 


CBS 


MOTHER  of  tho  uniquo  applications  of  a  Du  Monf  Cathoda  Ray  Oscillograph  illus- 
tratad  Kara  was  concaivad  by  Columbia  Broadcasting  Systam.  On  aithar  sida  of 
•  fha  staga  of  ona  of  fha  Columbia  Playhousas  in  Maw  York  a  Du  Mont  typa  158 
Oscillograph  amploying  a  nina-inch  Du  Mont  Cathoda  Ray  Tuba  is  mountad  in  tha  wall. 
Thasa  instrumants  ara  connactad  to  tha  staga  microphonas  and  show  tha  audianca  what  sound 
and  voica  looks  lika.  This  application  although  intarasting  doas  not  bagin  to  show  tha 
usafulnass  of  this  fina  instrumant. 


Single  Sweep  Now  Ayailable 

To  furthar  incraasa  tha  usafulnass  of  tha  Typa  158  Oscillograph,  a  singla  traca  linaar  swaap 
for  tha  invastigation  of  non-racurrant  transiant  phanomana  has  baan  mada  availabla.  This, 
howavar,  in  no  way  intarfaras  with  tha  standard  oparation  of  tha  instrumant. 

For  complete  technical  data  on  the  type  158  Oscillograph  and  other  Du  Mont  products 
write  to— 


ALLEN  B.  DU  MONT  Laboratories,  Inc. 

532  VALLEY  ROAD.  UPPER  MONTCLAIR,  N.  J. 


At  a  Price! 


Dry  olactrolytics 
mountad  in  card¬ 
board  tubas. 


Most  capacity  and 
voltaga  rating  for 
laast  monay. 


Light  and  compa: 
Complataly  saala< 
Bara  wira  21^2"  laad 


25,  SO.  100,  150, 

200,  300  and  450  v. 
working.  2  to  SO 
mid.  Spacial  units 
to  ordar. 


Write  us  ..  . 

Enginaaring  aid  and 
quotations  chaariully 
submittad. 


CORPORATION 

70.  Washington  Si  Brookdyn.  II.  Y. 


EPCO 
STORAGE 
BATTERY 
ELIMINATOR 


Provides  8  volt-10 
amps,  filtered,  ad¬ 
justable  D.C.  from 
1 10  volt  A.C.  Spe¬ 
cially  designed  for 
laboratory  tests  and  for  demonstrating  & 
volt  automobile  radios,  small  D.C.  motors, 
magnets,  solenoids,  signals,  relays  and  simi¬ 
lar  apparatus.  Also  used  as  an  efficient 
battary  charger. 

At  Illustrated^  n  yrl  Model  B  4  r  YC 

Variable  Voltaya  I  U./jIs  volts — 5  aiapt. 

e  I  W  1  Fixed  Voltage  I  W 


List  Price 


Supplies  rectified  D.C.  for 
operating  relays,  solenoids 
and  remote  controls.  Volt¬ 
aga  ranges  from  8  to  24 
volts,  rated  at  2  to  IS  amps. 
Operates  on  1 10  volt  A.C. 


APAPTOfiAH 


Operates  A.C.  radios  in  D.C.  districts  and 
1 10  volt  A.C.  radios  in  autos  and  trailers. 
Write  for  furthar  descriptive  literature. 


ELECTRICAL  PRODUCTS  CO. 

6S3I  Russell  Avenue  •  Detroit,  Michigan 
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Magnetic  Detectors 

The  detection  of  iron  or  other  mag¬ 
netic  materials  concealed  in  non-mag- 
netic  materials  may  be  accomplished 
by  some  device  which  depends  for  its 
operation  on  the  magnetic  properties 
of  the  materials  in  question.  A  sim¬ 
ple  form  of  iron  detector,  originally 
designed  to  detect  pieces  of  iron  in 
bales  of  scrap  aluminum  is  described 
by  R.  F.  Edgar  in  the  November  1936 
issue  of  the  General  Electric  Review 
under  the  title  “Magnetic  Detectors 
for  Industrial  Applications.” 

The  G-E  magnetic  detector  consists 
of  a  test  coil  through  which  the  bales 
pass  and  a  galvanometer  whose  de¬ 
flections  are  used  to  indicate  the  pass¬ 
age  of  a  bale  containing  iron.  The 
test  coil  consists  of  a  primary  wind¬ 
ing  through  which  direct  current 
flows  to  produce  an  unvarying  mag¬ 
netic  field,  and  two  secondary  wind¬ 
ings  which  are  connected  to  the  gal¬ 
vanometer.  As  the  bales  pass  through 
the  test  coil,  they  pass  through  the 
two  secondary  coils  in  succession.  Any 
magnetic  material  in  the  bales  dis¬ 
torts  the  magnetic  field,  thereby  pro¬ 
ducing  a  deflection  of  the  galvano¬ 
meter  needle. 

Speed  of  Vacuum  Pumps 

The  December  issue  of  Cenco  News 
Chats  points  out  that  the  speed  of 
vacuum  pumps  may  be  measured  at 
constant  volume  or  at  constant  pres¬ 


sure.  Difficulties  with  the  constant 
volume  method  of  measurements  are 
that  if  the  speed  varies  with  pressure, 
the  result  will  not  be  clear-cut  as  to 
the  pressures  to  which  the  measured 
speed  applies.  If  the  walls  of  the 
system  yield  absorbed  gases  and  va¬ 
pors  the  “speed”  of  the  pump  is  inde¬ 
terminate.  The  speed  of  the  pump 
under  this  method  of  measuring  also 
depends  upon  the  manner  in  which 
the  vacuum  gage  is  connected  to  the 
pump. 

Phototubes  Used  in  Deter¬ 
mining  Color  Temperature 

According  to  the  Proceedings  of  the 
Physical  Society  for  November  1935,  a 
phototube  and  two  filters  have  been 
used  for  color  matching  tungsten  light 
sources.  As  an  empirical  measure  of 
the  color  temperature  of  the  tungsten 
lamp,  the  ratio  of  total  transmissions 
of  the  two  filters,  as  measured  by  the 
phototube,  is  used.  For  certain  lamps 
and  phototube-filter  combinations,  the 
relation  between  filter  ratios  and  lamp 
voltage  is  nearly  linear. 

F.C.C.  Approval  on 
Power  Tubes 

A  RECENT  BULLETIN  from  the  Federal 
Communications  Commission  lists  nu¬ 
merous  vacuum  tubes  of  the  various 
manufacturers  whose  ratings  of  output 
tubes  in  modulated  transmitters  have 
been  approved  by  the  F.C.C. 


Embodying  the  newer  applications 
and  more  recent  viewpoints 
in  acoustics 

Just  Published 


Vibration  and  Sound 

By  Philip  M.  Morse 

Associate  Professor  of  Physics,  Massachusetts  Institute  of  Technolog>- 

351  pages,  6x9,  illustrated,  $4.00 

INTERNATIONAL  SERIES  IN  PHYSICS 

Because  the  rapid  growth  of  atomic  physics  in  the  past  ten  years  has  induced  a  com¬ 
plete  reorganization  of  the  science  of  acoustics,  this  book  on  the  theory  of  vibrations 
and  sound  will  be  of  particular  interest  to  workers  in  the  field  of  acoustics  and  to 
communications  engineers. 

The  book  aims  to  give  a  general  introduction  to  the  theory  of  vibration  and  sound, 
emphasizing  newer  applications  . ..  s/iyL 
and  the  more  recent  points  of 
view  and  to  give  a  series  of  ex¬ 
amples  in  the  method  of 
theoretical  physics — how  a  theo¬ 
retical  physicist  attacks  a  problem 
and  how  he  finds  its  solution. 


Some  special  topics  discussed 

— propagation  of  sound  in  tubes; 
— propagation  of  sound  in  horns; 
— radiation  from  cylinders; 

— radiation  from  spheres; 

— loud-speakers  and  microphones; 
— speech,  music  and  hearing. 


McGRAW-HILL  BOOK  COMPANY.  INC. 

330  West  42d  Street.  New  York,  N.  Y. 

Send  me  Morse — Vibration  and  Sound  for  10  days 
examination,  on  approval.  In  10  days  I  agree  to 
pay  14.00  plus  a  few  cents  postage  and  delivery,  or 
return  book  postpaid.  (Wo  pay  postage  on  orders 
accompanied  by  remittance.) 

Name  . 

Address  . 

City  and  State . 

Position  . 


Company  . 

(Books  sent  on  approval  in  U.  S.  and  Canada  only.) 

L-2-37 


Automatic  Starting 
Resi§tance 

Large  currents  are  frequently  taken 
from  the  power  lines  when  electrical 
machinery  is  started  up.  In  the  case 
of  the  electric  motors  the  large  cur¬ 
rent  taken  from  the  line  results  be¬ 
cause  no  counter  electro-motor  force 
is  established  until  the  rotors  start 
moving.  In  this  case  damage  is  pre¬ 
vented  through  the  use  of  starting 
boxes. 

A  series  of  automatic  starting  re- 
.sistances  having  a  high  resistance 
when  cold  and  a  low  resi.stance  when 
hot  has  been  developed  by  the  Philips 
Lamp  Works  and  is  described  in  the 
July  issue  of  the  Philips  Technical 
Review. 

These  “starto”  tubes,  as  the  devices 
are  called,  are  single  element  tubes 
consisting  of  a  semi-conductor  of  sili¬ 
con  and  a  ceramic  binder.  The  re¬ 
sistance  of  silicon  itself  does  not  pos¬ 
sess  a  pronounced  negative  temperature 
coefficient,  but  on  diluting  with  the 
suitable  binder,  this  coefficient  is  con¬ 
siderably  increased  to  give  a  very 
marked  difference  between  the  re¬ 
sistance  when  hot  and  when  cold.  The 
tubes  are  filled  with  argon  since  the 
silicon  reacts  with  both  oxygen  and 
nitrogen. 

Tubes  have  been  developed  having 
a  maximum  carrying  current  of  from 
17  to  106  amp.  The  time  elapsing 
from  the  moment  the  switch  is  closed 
until  the  current  reaches  its  maximum 
value,  is  determined  by  the  time  taken 
for  an  equilibrium  to  be  reached  bt*- 
tween  the  heat  supplied  and  the  heat 
dissipated.  Tubes  can  be  designed  for 
a  given  application  to  give  a  wide 
variety  of  heating  time.  The  cooling 
time,  likewise,  depends  upon  the  de¬ 
sign  and  application  of  the  tube,  but 
curves  given  indicate  that  tubes  have 
been  built  for  which  the  cooling  time 
varies  from  about  3  to  40  minutes  for 
the  tubes  to  reach  two-thirds  of  their 
cold  resistance. 


FIVE-PLACE  NOISF^EFFECT 
UNIT 


Nearly  1500  different  types  of 
noise  are  claimed  for  this  German 
fUm-and~phototube  device  which 
contains  five  complete  reproducing 
units.  Used  separately  or  in  com¬ 
bination,  the  noise  outputs  are 
amplified  and  used  for  broadcast 
and  motion  picture  applications 
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MANUFACTURING  REVIEW 


News- 


•f  The  Ward  Products  Corporation, 
manufacturers  of  automobile  antennas 
and  sound  systems,  has  recently  moved 
into  their  new  building  on  East  45th 
Street,  Cleveland,  Ohio.  By  this  move, 
the  space  devoted  to  manufacturing  has 
been  doubled. 

4- The  Arlab  Manufacturing  Company, 
manufacturers  of  magnetic  and  dy¬ 
namic  speakers,  has  recently  rented 
the  factory  occupied  by  the  Audiola 
Radio  plant  of  Fairbanks-Morse  Com¬ 
pany,  at  430  South  Green  Street,  Chi¬ 
cago.  The  Arlab  Manufacturing  Com¬ 
pany  recently  acquired  the  Varitone 
Radio  Company  and  will  continue  the 
manufacture  of  their  item  under  the 
direct  supervision  of  Mr.  Walter  J. 
Kareden. 

•fHeintz  &  Kaufman,  Ltd.,  South  San 


New  Products 


Midg:et  Oscilloscope 

An  oscilloscope  designed  especially 
for  operation  in  amateur  radio  sta¬ 
tions  and  using  the  new  913  cathode 
ray  oscillograph  tube  has  recently 
been  made  available  by  the  National 
Company,  Inc.,  Malden,  Mass.  Provi¬ 
sion  is  made  for  both  horizontal  and 
vertical  deflection  of  the  beam.  The 
oscilloscope  is  especially  suitable  in 
amateur  transmitters  for  modulation 
measurements,  but  may  be  also  used 
as  a  service  instrument  for  the  align¬ 
ment  of  IF  transformers  or  can  be 
used  in  much  the  same  way  as  oscillo¬ 
graphs  using  the  larger  cathode  ray 
tube. 


Francisco  announces  the  appointment 
of  W.  M.  Eldred  as  engineer  in  charge 
of  sales.  For  the  past  three  years 
Mr.  Eldred  has  been  working  in  the 
development  laboratories  of  the  com¬ 
pany. 

The  appointment  of  Frank  A.  Ar¬ 
nold,  active  for  many  years  in  broad¬ 
casting  circles,  as  managing  director 
of  the  RCA  Institute’s  Technical  Press 
has  been  announced  by  Charles  J.  Pan- 
nill,  president  of  the  RCA  Institute. 
Mr.  Arnold  comes  to  this  new  work 
from  the  Institute  of  Public  Relations, 
of  which  he  has  been  vice-president 
for  the  past  year. 

The  formation  of  a  new  corporation, 
absorbing  four  radio  and  aviation 
equipment  companies  was  announced 
January  21  by  Vincent  Bendix,  auto¬ 


motive  and  aeronautical  leader  and 
head  of  the  Bendix  Aviation  Corpora¬ 
tion.  The  new  organization  will  spe¬ 
cialize  in  radio  equipment  for  com¬ 
munications  and  navigational  purposes 
for  the  aircraft  industry,  with  partic¬ 
ular  attention  being  paid  to  blind  fly¬ 
ing  and  safety  in  landing  under  ad¬ 
verse  weather  conditions.  The  new 
company,  known  as  the  Bendix  Radio 
Corporation,  will  be  staffed  with  more 
than  a  hundred  engineers  and  tech¬ 
nicians  and  will  have  plants  and  lab¬ 
oratories  in  Chicago,  Dayton,  Wash¬ 
ington,  and  Oakland.  The  companies 
which  have  been  brought  together  to 
form  the  new  organization  include  the 
Radio  Research  Company,  Inc.,  of 
Washington,  D.  C.,  the  Radio  Prod¬ 
ucts  Company  of  Dayton,  and  two 
Chicago  firms,  Jenkins  and  Adair,  and 
the  W.  P.  Hilliard  Co. 


Audiometer 

The  purpose  of  audiometric  measure¬ 
ment  is  to  establish  accurately  the 
difference  existing  between  normal 
hearing  acuity  and  sub-normal  hear¬ 
ing  acuity  for  any  individual  under 
examination.  The  Western  Electric 
Company’s  type  6A  Audiometer  is  de¬ 
signed  for  this  purpose.  Frequency 
range  is  from  100  to  10,000  cycles  per 
second.  Hearing  acuity  by  both  air 
conduction  and  bone  conduction  may 
be  recorded.  The  6A  audiometer  op¬ 
erates  directly  from  the  110-volt  a.c. 
or  d.c.  line. 


Portable  Wheatstone  Bridge 

A  PORTABLE,  precision,  self-contained 
Wheatstone  bridg^e  making  measure¬ 
ments  from  a  fraction  of  an  ohm  to 
10  megohms  is  announced  by  the  Rubi¬ 
con  Company,  29  North  Sixth  Street, 
Philadelphia.  The  ratio  resistor,  dec¬ 
ade  resistor,  pointer  type  galvonome- 
ter,  and  dry  battery  are  contained  in 
a  strong  walnut  case  measuring  9  in. 
by  7  in.  by  6  in.  The  complete  instru¬ 
ment  weighs  10  lb.  The  four  decade 
resistors  may  be  used  as  a  calibrated 
4-dial  resistance  standard  independ¬ 
ent  of  the  rest  of  the  set.  Accuracy 
to  within  1/10  of  1  per  cent. 


Ciroiiit  Breaker 

A  MAGNETIC,  non-thermal,  circuit 
breaker  available  in  capacities  from 
50  milliamperes  to  35  amperes  is  a 
recent  contribution  of  safety  and  con¬ 
venience  made  by  the  Heinemann  Elec¬ 
tric  Company,  Trenton,  N.  J.  In¬ 
stantaneous  trip  and  time-delay  action 
circuit  breakers  are  available.  The 
time  delay  unit  opens  the  circuit  in 
from  5  seconds  up  to  8  minutes  on 
the  125  per  cent  load,  or  correspond¬ 
ingly  faster  at  greater  overloads,  de¬ 
pending  upon  its  adjustment.  The 
circuit  breaker  can  be  immediately 
closed  after  tripping  on  any  overload 
or  short  circuit,  provided  the  abnormal 
condition  no  longer  exists. 
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A  feature  of  the  new 
five- prong  shielded 
plug  is  the  extra  long 
center  pin  to  act  as  a 
**finder.’' 


T«u  combinaiiont  permit  dis¬ 
tinct  methods  of  itroundinit  the 
shell,  one  for  surface  mountinjc. 
the  other  for  suhpanel  mount- 
■nit  Socket  is  the  same  for  hoth 
(roups;  assembled  with  oriitinal 
“tlNt  H”  floatinjc  contacts,  hav- 
in(  a  cuttinit  edjte.  Solderinit 
tail  on  contacts  is  provided  with 
Pocket  or  dam  to  receive  surplus 
solder.  With  surface  mountinx 
type  shielding  is  accomplished 
by  a  mounting  ring  with  eight 
*'ip>ng  contacts  which  give  a 
Posuive  connection  between  the 
ntounting  panel  and  the  plug  shell. 


With  sub-panel  mounting  type, 
plugbutton  permanently  fastened 
to  the  shell  will  completely  shield 
and  hold  the  plug  when  inserted 
into  a  Vg-inch  diameter  hole. 
Shells  supplied  with  curled  edge 
for  ease  in  gripping  or  with 
straight  edge  for  soldering  braided 
metal  cables.  Male  plug  is  firmly 
and  simply  fastened  into  the  shell 
by  bending  over  four  small  fingers. 


"Cinch"  anJ 
Oak  R  idio  Sockets  are 
licensed  under  H.  H.  t.by  socket  patents. 


CINCH  MANUFACTURING  CORP. 

2335  West  Van  Buren  St.  •  CHICAGO,  ILL. 

Svbsidiary:  LJnited-Carr  Fastener  Cotp.,  Cambridge,  Mass. 


Electronics  —  February  1937 


1 


Vollafse  Refsulalors 

An  improved  voiltage  regulator  for 
alignin{?  current  circuits  which  offers 
the  smooth  control  of  a  rheostat  plus 
the  hiprh  efficiency,  Rood  reKulation  of 
a  transformer  has  been  announced  by 
the  American  Transformer  Company, 
of  Newark,  N.  J.  Known  as  the  type 
TH  “transtat”  and  available  in  vari¬ 
ous  sizes  up  to  2J  kva.  on  either  115 
or  230  volt  lines,  the  device  is  essen¬ 
tially  a  variable  auto  transformer, 
with  rotary  control  of  the  voltage  out¬ 
put.  Transtat  may  be  used  with  elec¬ 
trical  equipment  for  the  control  of 


Public  Address  System 

A  12-watt  class  a  amplifier  is  the 
nucleus  of  the  model  115  portable  pub¬ 
lic  address  system  manufactured  by 
Operadio  Manufacturing  Company,  St. 
Charles,  Ill.  One  or  two  low-level 
microphone  inputs  may  be  mixed. 


An  outstanding 
success  •  •  • 


Variable  tone  controls  for  high  and 
low  frequencies  are  provided.  A  10-in. 
electrodynamic  speaker  is  standard 
equipment  although  provision  for  addi¬ 
tional  speakers  is  made.  A  suspen¬ 
sion  type  crystal  microphone  is  pro¬ 
vided. 


Electric 

Communication 
and  Electronics 

(Electrical  Engineers'  Handbook) 

HAROLD  PENDER,  Ph.D.,  Sc.D., 

Editor-in-Chiej 

KNOX  McILWAIN,  B.S.,  E.E., 

Associate  Editor-in-Chief 

and  47  contributors 

Here,  in  reaJy-to-u'e  form,  will  be  found 
the  latest  and  nmst  authoritative  data  on 
telegraphy,  telephony,  radio  broadcasting, 
point-to-point  radio  telephony,  facsimile 
transmission  and  reception,  public  address 
systems,  sound  motion  pictures,  aviation 
radio,  television,  etc.,  and  in  greater  detail 
than  can  be  found  elsewhere  in  any  hand¬ 
book.  Both  design  and  manufaaure  are 
given  ample  treatment.  Worthy  of  special 
mention  is  the  enlarged  format,  w'ith  a  trim¬ 
med  page  of  by  Sf",  allowing  the  use 
of  large,  clear  type,  with  a  corresponding  in¬ 
crease  in  the  size  of  illustrations  and  dia¬ 
grams.  This  book  is  Volume  V  in  the  new 
Wiley  Engineering  Handbook  Series. 

The  Contents 

Mathematics,  Units,  and  Symbols;  Properties 
of  Mater’als;  Electric  Circuits,  Lines  and 
Fields;  Resistors.  Inductors,  Capacitors;  Elec¬ 
tron  Tubes;  Electromechanical-Acoustic  De¬ 
vices;  Circuit  Elements;  High-Frequency 
Transmission;  Acoustics;  Electrical  Meas¬ 
urements;  Telegraphy;  Sound-Reproduction 
Systems;  Telephony;  Facsimile  Transmission 
and  Reception;  Television;  Electronic  Con¬ 
trol  and  Navigation  Equipment;  Medical  Ap¬ 
plications  of  Electricity;  Index. 

Third  Edition;  1022  pages;  5f  x  8f; 
981  illustrations;  $5.00 


Condensers 

The  Cornell-Dubilier  Corporation, 
South  Plainfield,  N.  J.,  announces  two 
varieties  of  condensers  recently  intro¬ 
duced  by  them.  One  of  these  is  a 
dry  electrolytic  capacitor  for  a.c.  use 
where  high  capacity  is  necessary  for 
intermittent  operation.  These  are  espe¬ 
cially  suited  for  use  in  connection  with 
fractional  horsepower  motors  of  the 


voltage,  illumination,  motor  speed  or 
heat.  Although  standard  regulators 
are  designed  for  service  in  sing’e  phase 
circuits  of  relatively  low  voltage  in 
limited  capacities,  various  methods 
have  been  developed  which  permit  the 
use  of  these  units  for  regulating  high 
voltages  and  for  controlling  polyphase 
circuits.  Various  applications  of  this 
device  are  presented  in  the  company’s 
publication  No.  1177. 


Consoletle  Recorder 

A  RECORDER  designed  for  use  by  schools, 
colleges,  and  professiona'.  home  record¬ 
ing  has  been  recently  introduced  by 
the  Radiotone  Record-ng  Company, 
6103  Melrose  Avenue,  Hollywood,  Calif. 
Features  of  the  model  A-oO  recorder 
are  synchronous  recording  motor,  lathe 
type  feed  screw,  high  fidelity  form  of 
recording  amplifier  and  studio  type  re¬ 
cording  microphone. 


type  used  in  refrigerators,  oil  burners 
and  similar  appliances.  A  second  line 
of  condensers  impregnated  and  filled 
with  dykanol  is  also  announced.  Being 
enclosed  in  non-corrosive  containers 
these  condensers  are  particularly  suited 
for  aircraft,  marine,  submarine  and 
other  purposes  where  space  and  carry¬ 
ing  weight  are  at  a  premium.  Manu¬ 
factured  to  individual  specification. 


ON  APPROVAL  rOl'PON 

JOHN  WILEY  &  SONS,  INC. 

440  Founb  Ave.,  New  York,  N.Y. 

Kindly  send  me  a  copy  of  "Pender-Mcllwain,” 
for  ten  days’  examination.  If  I  decide  to  keep 
it  I  will  remit  $5.00;  otherwise  I  will  return  the 
book  postpaid. 

Name . 


Auto  Antenna 

An  antenna  for  automobile  radio  re¬ 
ceivers  which  fits  over  the  top  of  the 
car  and  may  be  installed  without  drill¬ 
ing  is  one  of  the  newer  products  re¬ 
leased  by  the  Ward  Products  Company, 
2131  Superior  St.,  Cleveland. 


Address 


Batteries 

The  C.  F.  Burgess  Laboratories, 
Freeport,  Ill.,  have  improved  the  con¬ 
struction  of  their  “B”  batteries  to  ef¬ 
fectively  protect  the  cell  from  moisture. 


City  and  State. 
Employed  by . . . 
Oficial  Position 
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WIRE  WOUND  RESISTORS 


LAMINATIONS 


STAMPINGS 


Inter><‘oiiiniiinicatiiif'  System 

The  Webster  Electric  Company,  Ra¬ 
cine,  Wis.,  announces  a  newly  devel¬ 
oped  inter-coinmunicatinp:  system.  It 
consists  of  a  speaker  and  amplifier 
mounted  in  an  attractive  modernistic 


TELEVISION? 

SOUND? 


INDUSTRIAL? 


Whatever  your  interest  may  be  in  photo  cells— there  is  a 
dependable  super-sensitive  CETRON  available  for  most 
purposes. 

As  specialists  in  the  manufacture  of  photo  cells  we  are 
prepared  to  supply  a  wide  range  of  standard  cells  or,  if  you 
prefer,  we  will  make  them  to  your  specifications. 

We  invite  your  inquiry. 


I  0.%TI]\EIVTAL  ELE(  TRK  VO. 

(;^:^EVA  ILLINOIS 


ARISTOX  COXDEX§ERS 


cabinet  with  volume  control  and  indi¬ 
cating  pilot  light.  Up  to  sixty  sta¬ 
tions  can  be  ojrerated  together  as  a 
sy.stem.  Operates  from  either  a.c.  or 
d.c.  lines  of  110  volts. 


Samples 

tcill  be  cheer¬ 
fully  submit¬ 
ted  for  your 
test  and  in¬ 
spection. 


Arit«tun  tubular  condensers  are  non-intluc' 
tively  wound  with  soldered  wire  terminals. 

These  condensers  are  well  sealed  against  moisture  with  a 
special  high-grade  insulating  wax. 


Amplifier  Kit 

.A  REMOTE  AMPLIFIER  KIT  providing  a 
three-position  mixer  using  isolation 
transformers  for  each  input  to  prevent 
cross  talk  has  been  placed  on  the  mar¬ 
ket  by  the  United  Transformer  Cor¬ 
poration,  72  Spring  Street,  New  York 
City. 


ARISTON  >IANUFACTLRING  CORPORATION 

■9-59  Diversey  Avenue  Chicago,  Illinois 


Heavy  Overload  Capacity 
of  Microhm  Mica  Card 
Resistors  Assures  a 
High  Safety  Factor 


(lontrol  Knob 

Di’REZ,  a  product  of  General  Plastics, 
Inc.,  North  Tonawanda,  N.  Y.,  has 
been  recently  put  to  use  as  a  control 
knob  on  volume  indicators.  The  de¬ 
sign  of  these  control  wheels  is  such 
that  a  symmetrical  appearance  is  pre¬ 
sented  no  matter  where  the  pointer 
indicator  may  be. 


By  tandwidiing  In  thn  rntiitanen  element  between  TWO  mica  thaata.  both 
Ineulation  and  prateetion  nra  attured.  Overload  eaoacitiee  ae  high  at  300% 
havt  bean  demonitrated  on  teet. 

Thoto  compact  unit*  arc  ideal  for  Voltage  Dividers  in  P.  A..  Broadeaot 
Transmitter,  Television  and  othar  types  of  Amoliflors. 

Write  far  details,  and  grieot. 


Type  H  Size:  lH'x314'x 
H'.  Accuracy:  2<S>.  Re¬ 
sistance  Range:  10  to 
150.000  ohms. 


PRECISION  RESISTOR  CO.,  332  BADGER  AVE.,  NEWARK,  N.  J, 


Durez  has  also  been  used  as  a  hous¬ 
ing  for  desk  microphones.  The  molding 
is  designed  to  harmonize  with  the  usual 
well  appointed  office. 
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♦  The  following  bulletins,  technical 
data,  and  catalogs  have  recently  been 
received  from  manufacturers: 


jHandy . . .  and 
for  1000  Uses 


•f  Resistors.  A  12-page  loose-leaf  cata¬ 
log  giving  mechanical  dimensions  and 
technical  data  on  industrial  resistors 
has  been  published  by  Electrad,  Inc., 
175  Varick  Street,  New  York  City.  In 
addition  to  rotary  and  slide  wire  types 
of  power  rheostats  and  vitreous  enam¬ 
eled  fixed  resistors,  the  catalog  lists 
precision  wound  wired  resistors  and 
flexible  wire  wound  resistors. 


fC-D  ENGINEiRS 
HAVE  SCORED  AGAIN  ' 
TRY  THE  TL’S 
FOR  BEST 
RESULTS.y 


Pick-up  Units.  A  6-page  technical 
bulletin  describing  their  “relayed  fre¬ 
quency”  pick-up  has  been  issued  by  the 
Audak  Company,  500  Fifth  Avenue, 
New  York.  According  to  information 
supplied  by  the  manufacturers,  the  re¬ 
layed  frequency  pick-ups  have  a  fre¬ 
quency  response  curve  which  is  flat 
to  within  10  db  between  60  and  8,000 
cycles. 


'Completely 

Intuleted 


Insulation  Tester.  A  500  volt-ampere 
transformer  with  tapped  secondary 
voltages  up  to  2,500  volts  forms  the 
principal  element  of  the  insulation 
breakdown  tester  manufactured  by  the 
Acme  Electric  &  Manufacturing  Com¬ 
pany,  1440  Hamilton  Avenue,  Cleve¬ 
land,  Ohio.  Bulletin  140  describes  this 
tester. 


Accurate 
Within  2' 


List  Price 


The  increasing  need  for  a  dependable 
high  voltage  filter  condenser  for  power 
supplies,  high  power  amplifiers,  television 
circuits,  transceivers,  etc.,  has  resulted  in 
the  design  and  development  by  C-l>  en¬ 
gineers  of  the  Type  TL,  Dykanol  Filter 
Condenser. 

Hermetically  sealed  in  round  aluminum 
containers,  similar  to  those  employed  in 
the  construction  of  electrolytic  capacitors. 
One  terminal  is  insulated  from,  and  the 
other  grounded  to  the  container.  Can  be 
mounted  In  any  position  for  convenience 
in  chassis  assembly. 


Pocket  Volt-Ohm- 
Milliammeter 

For  laboratory,  shop  or  field  use. 
Handy  pocket  size  yet  sturdy  and  pre¬ 
cision  built. 

Uses  Large  3"  Sq.  Triplett  Instrument 
A.  C.-D.  C.  Voltage  Scales  Read:  10- 
50-250-500-1000  at  1000  ohms  per 
volt. 

D.  C.  Milliampere  Scale  Reads:  l-IO- 
50-250. 

Ohms  Scales  Read:  Low  1/2-300;  High 
250,000. 

Black  Molded  Case  and  Panel. 

Size  3  1-16  X  SVt  x  2'/8. 

Low  Loss  Selector  Switch. 

Complete  with  Alligator  Clips,  Battery 
and  Test  Leads. 

DEALER  PRICE . $15.00 

A  CompUt*  Inttrumant  for  all  servicinq 
needs.  Can  be  used  for  all  A.  C.-D.  C. 
voltage,  current  and  resistance  analyses. 
LEATHER  CARRYING  CASE  for  Model  669. 

supplied  extra.  Dealer  Price,  $3.00. 

Very  attractive.  Of  black,  neavy  leather  with 
finished  edges  and  strap. 

WRITE  FOR  CATALOG 


■♦■Transmitter  .Manual.  A  bulletin  pro¬ 
viding  a  wide  variety  of  useful  infor¬ 
mation  to  the  transmitting  amateur  is 
made  available  in  the  64-page  amateur 
transmitter  manual  published  by  the 
Kenyon  Transformer  Company,  Inc., 
840  Barry  Street,  New  York.  More 
than  a  dozen  transmitters  suitable  for 
amateur  operation  are  described.  Nu¬ 
merous  tables,  charts,  and  alignment 
charts,  selected  especially  for  amateur 
use,  are  included.  The  manual  is 
priced  at  25  cents. 


■♦■  Insulation.  The  Spaulding  Fibre 
Company,  310  Wheeler  Street,  Tona- 
wanda,  N.  Y.,  has  recently  issued  a  28- 
page  engineering  data  book  covering 
the  various  grades  of  insulating  mate¬ 
rials  and  forms  manufactured  by  them. 
The  processed  forms  are  available  or 
can  be  manufactured  to  a  wide  variety 
of  shapes  and  have  applications  in  a 
wide  variety  of  uses. 


D.C.  Working 

Cap.  Mfd.  Voltaga  Site  Cat.  No.  List 

2  600  2tixl</x  TL-6020  $2.26 

3  600  4VaXlV'i  TL-030  2.76 

-4  600  4ytXl>/x  TL-040  3.00 

1  1000  2%x|i/a  TL-IOOlO  2.26 

2  1000  4%xl>/,  TL-10020  2.76 

.6  1600  2%XlVt  TL-16006  3.00 

I  1500  4i/tXl>/a  TL- 15010  3.50 

Type  TI.  paper  dielectric,  Dykanol  im¬ 
pregnated  and  filled  units  are  supplied 
with  two  insulating  washers  and  sparie 
lug,  metal  lockwasher  and  mounting  nut, 
at  no  extra  cost.  Metal  container,  <*an 
therefore,  be  readily  insulated  from 
chassis. 

For  full  descriptive  literature 
and  listing  write  for  catalog 
No.  t3SA 

WET  &  DRY  ELECTROLYTIC 
MICA  •  PAPER  •  DYKANOL 


■♦■  Radio  Equipment.  Catalog  No.  190 
of  the  Insuline  Corporation  of  Amer¬ 
ica,  25  Park  Place,  New  York  City, 
contains  40  pages  of  receiving  and 
transmitting  parts  and  accessories, 
service  tools  and  attachments,  racks, 
panels  and  chassis,  and  related  items. 


The  Triplett  Electrical  Instrument  Co. 
232  Harmon  Dr.,  Bluffton,  Ohio 
Without  obilgation  pisass  send  me 

-  More  Information  on  Model  666, 

-  I  am  also  Interested  in . 


•♦■  Loud  Speakers.  A  single  page  leaflet 
from  the  Magnavox  Company,  Fort 
Wayne,  Ind.,  describes  two  new  heavy 
duty  15-in.  loud  speaker  models,  suit¬ 
able  for  a.c.  or  d.c.  operation.  Com¬ 
plete  mechanical  and  electrical  specifi¬ 
cations  are  given. 


CORNELL-DUBILIER  CORPORATION 

1006  HAMILTON  BLVD.  •  SO.  PLAINFIELD,  N.  J. 


Ad<lr»$$ 


Statt 
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Professional 


Services 


BLILEY  ELECTRIC  CO. 

Dctignerg — Maaufacturer$ 

Quartz  Cryatals  for  standard  or  apodal 
radio  frequency  applications. 
Inquiries  Invited. 

240  Union  Station  Bldg. 

Brie,  Penna. 


EISLER  ENGINEERING  CO. 

t'on»ulting,  Dettgning  d  Ufg.  Enginrerg 
Elwtrlc  Wvldlni  Mmctilnea  for  Mrul  Tubes 
Electric  WeldlnR  Problems.  HiKh  Vacuum 
Compound  Pumps,  Soft  and  Hard 
lilaHs  Worklnit  Equipment.  Kadio 
and  Electronic  Tube  Machinery 
Saeeial  Miehlncnr  built  to  your  ipecHIcatlont 
75:4  Sf>.  I»th  St.  Newark,  N.  J. 


ELECTRICAL  TESTING 
LABORATORIES 

Characteristics  and 
lAfr  Tegtg  vf  Vacuum  Tuhrg 
Tests  «f  photo  cells,  (low  lampa.  crater  lamps. 
Tests  of  electrtinic  and  optical  devices. 

30th  Street  and  Eaat  End  Avenue 
New  York.  N.  Y. 

Phone:  Itutterfleld  g-2300 


THAD  R.  GOLDSBOROUGH 

EBalSTBKBI)  PATENT  ATTOBNET 

Patent  and  Trademark  Bolieiting 
ConsultInK  Service 

Patent  Sale  and  I.lcenae  Negotiations 
201-205  McI.Achlcn  Building 
WaHhington,  D.  C. 


International  Electronics,  Inc. 

CONSULTING  ENGINEERS 
to  Itadin  Manufacturers  In  all  parts  of  the  world 
Itecelrers — Tubes — Condensers-  -foils- -Ueslstors 
lie  ports — l>«sl(tns— .si  peciflcat  ions— Processes 
Write  lor  Information  on  your  problems  without 
oblliiatlon 

RESEARCH  LABORATORIES 
H.l  \V.  l.lth  Street  New  York.  N.  Y. 


WEBER  MACHINE  CORP. 

Specialists  on  experimental  electro  me¬ 
chanical  devices.  Let  us  help  you  solve 
your  problems.  Modern  equipped  machine 
shop.  Capable  engineering  staff 
69  Rutter  Street,  Rochester.  N.  T. 


The  Solution  of 
Your  Problem 

in  the  field  of  Electronic  devices 
may  be  found  through  enlisting  the 
^ervices  of  the  Consultants  whose 
cards  appear  on  this  page. 

I'his  is  a  highly  specialized  field 
and  specialists  arc  therefore  better 
able  to  undertake  the  rapid  devel¬ 
opments  necessary  to  keep  in  step 
with  modern  manufacturing 
progress. 


♦  fiO-Watt  6L6  Amplifier.  The  Ampli-  j 
fier  Company  of  America,  20  West  22nd  | 

j  Street,  New  York  City,  announces  a 

I  60-watt  amplifier  using  the  6L6  tube. 

j  According  to  the  manufacturers,  fea¬ 
tures  of  this  amplifier  are  automatic 
howl  suppression,  cathode  ray  indica¬ 
tion  for  howl  suppression  action,  auto¬ 
matic  constant  output  for  reproduction 
of  speech,  volume  level  expansion  for 
reproduction  of  recorded  programs, 
and  high  and  low  frequency  gain  con¬ 
trol. 

Amplifier  Kit.  A  studio  pre-ampli¬ 
fier  in  kit  form  has  been  released  from 
the  United  Transformer  Corporation, 

72  Spring  Street,  New  York.  The  kit 
can  be  wired  up  for  two,  three  or  four- 
stage  operation,  with  gains  up  to  100 
db.  Audio  panel  incorporates  switch 
and  milliammeter  to  check  plate  cur¬ 
rent  of  all  tubes. 

4-  Service  Instrument.  A  combined 
volt-,  ohm-,  output,  and  milliammeter, 
self  contained  with  battery  and  selling 
at  $13.50  is  available  from  the  Burton- 
Rogers  Company,  755  Boylston  Street, 
Boston,  Mass.  The  two  resistance 
scales  permit  resistance  values  of  500 
ohms  and  500,000  ohms  full  scale  to 
be  read. 

I 

♦  Output  Attenuator.  Constant  imped¬ 
ance  attenuator  capable  of  handling 
considerable  power  with  low  insertion 
loss  has  been  developed  by  the  Clarostat 
Manufacturing  Company,  285  North 
Sixth  Street,  Brooklyn,  N.  Y.  Minimum 
insertion  loss  is  1.3  db.;  power  dissi¬ 
pation  25  w'atts.  Attenuation  is  linear 
up  to  45  db.  in  steps  of  3  db.  with  an 
end  position  of  infinite  attenuation.  Im¬ 
pedance  from  load  end  is  approxi¬ 
mately  three  times  the  line  value. 

I 

Neon  Tube  Oscilloscope.  A  gaseous 
discharge  tube  oscilloscope  for  wave 
form  analysis  has  been  developed  by 
the  Sundt  Engineering  Company,  Chi¬ 
cago,  Ill.  A  6L6  beam  power  tube 
operating  at  100  kc.  supplies  power  to 
the  neon  tube  which  is  the  source  of 
illumination.  The  input  voltage  to  be 
analyzed  is  amplified  by  a  high  gain 
audio  amplifier,  the  amplified  voltage 
being  impressed  on  the  6L6  power 
generator.  This  amplified  fiuctuating 
voltage  corresponds  to  the  vertical  de¬ 
flection  of  the  wave  pattern.  The  ef¬ 
fect  of  a  linear  time  axis  is  supplied 
by  means  of  a  rotating  mirror  so  as  to 
sweep  the  image  horizontally  across 
the  line  of  vision  of  the  observer.  The 
speed  of  rotation  of  the  mirror  is  con¬ 
trolled  by  a  variable  speed  motor. 

■♦Core  Material.  Permanite,  a  form  ' 
of  granulated  iron  oxide  having  good 
properties  as  a  magnetic  core  for  r.f. 
and  i.f.  transformers  is  announced  by 
the  Foote  Mineral  Company,  1509  Sum¬ 
mer  St.,  Philadelphia.  It  is  being  used 
in  cores  and  shields  by  a  number  of 
radio  manufacturers  and  has  also  been 
used  to  a  limited  extent  in  carrier 
telephone  and  telegraph  circuits.  i 
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ANNOUNCING- 


©  Ini  ^  D  ir  E 


POWER  LINE  CHOKES 

(for  preventing  interference! 

)  FROM  HIGH  FREQUENCY  CURRENTS^ 

Thasa  naw  chokai  ara  dasignad  to  pravant 
inlarfaranca  from  high  fraquancy  curranU. 
Whan  usad  on  such  apparatus  as  radio  trans- 
mittars,  tharapautic  machinas,  walding  outfits, 
ate.,  thay  will  supprass  tha  high  fraquancy 
currants  going  out  ovar  tha  powar  linas  from 
such  apparatus  to  causa  annoyanca  to  naarby 
radio  listanars. 

Tha  smallast  ona  of  thasa  chokas  is  also 
spacially  dasignad  for  usa  on  radio  racaivars. 
It  will  supprass  intarfaranca  of  radio  fra¬ 
quancy  from  coming  In  to  such  sats  ovar 
powar  Unas  and  housa  linas  from  naarby  gan- 
arating  sourcas. 


Thasa  powar  lina  chokas  will  not  pravant  in¬ 
tarfaranca  of  audio  fraquancy  and  thay  ara 
not  racommandad  for  that  purposa. 

Tha  chokas  must  in  all  casas  ba  usad  in 
connaction  with  grounding  condansars  as 
shown  on  tha  diagram,  to  form  a  filtar.  Thasa 
by-pass  condansars  ara  aach  0.1  microfarad. 
Thair  bast  location  is  datarminad  by  trial. 
Thraa  sizas  of  thasa  lina  chokas  ara  now  avail- 
abla,  capabla  of  handling  currants  of  5,  10 
and  20  amparas,  raspactivaly.  Tha  smallast  of 
thasa  sizas  is  tha  ona  which  is  dasignad  to  ba 
also  usad  on  racaivars.  In  davicas  whara  cur¬ 
rants  graatar  than  20  amparas  ara  usad  spa- 
cial  units  ara  mada  up  to  ordar  to  fit  tha 
spacial  raquiramants  of  aach  casa. 

For  datailad  information  in  ragard  to  thasa 
naw  chokas  ask  for  Bullatin  No.  lOS.  For  com- 
plata  information  on  tha  Ohmita  lina  of  ra- 
sistors,  rhaostats  and  tapswitchas,  sand  for 
catalog. 

©IHlMDir 

MANUFACTURING  CO. 

4825  Flournoy  St.,  Chicago,  III. 
MANUFACTURERS  OF  QUALITY  RESISTORS. 

RHEOSTATS  AND  TAP  SWITCHES 
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MICA  INSULATOR  COMPANY 


LEACH  (LH)  RELAYS 


♦  Permanent  Magnets.  A  4-page 
brochure  issued  by  the  Crucible  Steel 
Company  of  America,  Chrysler  Build¬ 
ing,  New  York  City,  gives  the  impor¬ 
tant  electrical  characteristics  of  a  new 
series  of  permanent  magnets  made  of 
new  aluminum-nickel-cobalt  alloys. 
These  permanent  magnets  are  fur¬ 
nished  only  in  castings  and  are  fin¬ 
ished  to  final  dimensions  by  grinding. 
They  are  not  available  in  standard 
shapes  for  individual  fabrication. 


LANICOID 

FABRICATED 

PARTS 


H-F  Insulation.  The  application  of 
Mycalex  insulation  to  various  high  fre¬ 
quency  radio  problems  is  covered  in  a 
technical  bulletin  issued  by  Electronic- 
Mechanics,  Inc.,  201  East  12th  Strec-t, 
New  York  City.  Many  of  the  applica¬ 
tions  listed  are  intended  for  use  where 
high  voltages  are  encountered. 


With  production  increasing  every 
day,  consumers  are  insisting  on  faster 
deliveries.  Through  the  facilities  of 
I.AMICUID  fabricating  plants  located  in 
im{>ortant  industrial  centers  we  are 
in  a  position  to  give  you  the  required 
SPEEDY  SERVICE. 

The  men  employed  in  the.se  fabricating 
plants  have  had  many  years  of  expe¬ 
rience  in  this  type  of  work  thus  making 


possible  faster  delivery  with  no 
sacrific-e  of  cpiality  or  aci-iiracy. 

Send  your  orders  and  inquiries  to 
any  ofiice  of  Mica  Insulator  (ainipany. 

Our  complete  line  of  Electrical 
Insulations  including  Micanite, 
\arnished  Cambric  and  I^aniinated 
Hakelite  is  described  in  our  new 
Bulletins  106, 109  and  105  resjiectively. 


•f  Transmitting  Apparatus.  A  series 
of  monitors,  amplifiers,  modulators,  and 
high  frequency  telegraph  and  telephone- 
transmitters  of  relatively  low  power 
are  described  in  a  technical  bulletin  of 
the  Harvey  Radio  Laboratories,  Inc., 
12  Boylston  Street,  Brookline,  Mass. 
Being  designed  for  high  frequency 
operation,  these  transmitters  are  espe¬ 
cially  suitable  for  amateur  operation. 


-^Humidity  in  Radio.  Graphs  dealing 
with  the  effects  of  moisture  on  wire 
insulation  and  trimmer  condensers  as 
a  function  of  the  circuit  properties, 
are  available  in  a  bulletin  offered  by 
the  Boonton  Radio  Corporation,  Boon- 
ton,  N.  J.  A  copy  of  the  bulletin 
“Humidity  Factor  in  Radio  Work”  is 
available  on  request. 


200  Varick  St.,  New  York;  542  So.  Dearborn  St.,  Chira|Eo;  1276  Wn»t  Third  Si. 
Branchm  ai:  Birmingham,  Boston,  Cincinnati,  Lam  Angelcn,  San  Francisco,  Seattle,  Montr 


Cleveland, 
il,  Toronto. 


Many  stations  find  this  exact  measuring  serv¬ 
ice  of  great  value  for  routine  observation  of 
transmitter  performance  and  for  accurately 
calibrating  their  own  monitors. 


Interference  Data.  In  addition  to 
listing  a  complete  line  of  condensers 
as  well  as  service  instruments  and 
noise-reducing  aerials,  the  latest  cata¬ 
log  from  the  Tobe  Deutschmann  Cor¬ 
poration,  Canton,  Mass.,  gives  specific 
recommendations  for  quelling  man¬ 
made  static.  Forty-two  models  of  units 
intended  to  reduce  or  eliminate  elec¬ 
trical  impulses  or  transients  which 
make  themselves  evident  as  noise  in 
the  output  of  a  radio  receiver  are 
listed. 


MEASUREMENTS  WHEN  YOU  NEED  THEM  MOST 

R.C.A.  COMMUNICATIONS,  Inc. 

Commercial  Dept. 

A  RADIO  CORPORATION  OP  AMERICA  SERVICE 

66  BROAD  STREET  NEW  YORK,  N.  Y. 


you  can  depend  upon  their 


-f  Recording  Galvonometer.  Several 
bulletins  have  recently  been  issued  by 
the  Berndt-Maurer  Corporation,  11" 
East  24th  Street,  New  York  City.  One 
of  these  describes  a  soind-on-film  re¬ 
cording  galvonometer  consisting  of  a 
small,  sensitive  and  rugged  galvoro- 
meter  element  together  with  a  suitable 
optical  system.  Another  bulletin  de¬ 
scribes  an  electrical  motor  driving  unit 
for  motion  picture  cameras. 


OPERATING  RELIABILITY 


Leach  small  size  circuit  control  relay, 
■  type  No.  1357  is  a  compact,  rugged  and 

reliable  control  relay  ideal  for  your  con- 
trol  circuit.  These  relays  have  solid 
cores,  positive  contact  and  low  current 
consumption — built  so  that  you  can  de- 
upon 

LEACH  RELAY  COMPANY 

13^  5915  Avalon  Boultvard,  LOS  ANGELES,  CALIF. 

15  E.  26th  St..  New  York  City 

LEACH  RELAY  COMPANY.  5915  Avalon  Boulevard,  Us  Angeles,  Calif. 

Please  send  your  catalog.  I  am  interested  In . type  relay. 

Name  . 

Company  . 

Address  . City  . 


Radio  Cabinet.  The  Beetle  Products 
Division  of  American  Cyanamid  Com¬ 
pany,  32  Rockefeller  Plaza,  New  York 
City,  has  been  carrying  an  research 
with  the  object  of  developing  Beetle- 
ware  for  radio  cabinets. 
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I-F  Alignment 


(Continued  from  pngr  3.0 


The  plate  itnpedanre  of  the  electron  coupled 
plate  was  taken  aa  1.3  X  10*  ohms. 

A'l  =  2v}Li  {Li  was  assumed  as  IHOO  /ih.) 
A'l  =  5150  ohm  for  450  kc 

The  problem  is  then  one  of  matching  a 
generator  impedance  of  1.3  X  10*  ohms  to  a 
load  of  70  ohms. 

l.et  Wi  =»  1.3  X  10*  and  Rt  =  70  ohms. 

A'a  +  A'*  =  A', 

Ri  A’i+  A'j  , 

-kT  -  wTvT 

and  R,  R,-  -  (.V,  .Y,+  X,  .V,+  .V,  ,V.l  (2) 
Solving  Eqs.  (1)  and  (2) 

(1)  becomes,  91X10*=  -5i:)0  A',-  A,  A', 
-51.')0  A’, 

(2)  becomes,  A'l  =  (.277  —  A'*) 

Substitute  (2)  in  (1),  and  solve  for  A'|. 

A'l  =  ±  91  X  10*  =  ±  9550  ohms. 

.\ssume  the  negative  root  for  A'l  (capacity 
reactance)  then  A't  =  T  9550.  The  +  root 
must  then  be  used. 

.\ssume  A'a  the  reactance  of  20(X)  ppj  at 
4.i<)  kc.  or  174.5  ohms. 

Xt  =  9550  +  174.5  =  9,724  ohms 
A'ft  =  2irjLi  and  L*  =  3,390  >ih 
Now  Xe  is  inductive  reactance. 

Xd  is  capacity  reactance. 

A'l  was  assumed  capacity  reactance. 

1 1  =  1  /  A'l  =  I’e  -|-  1  d  , 

Yc+  Yd  =  j.lll  X  10  * 

('d  was  assumed  300  put. 

10“ 

•Yd  =  “  j.859  X  10*  ohms. 

Zrftd 

Yf  =  —  j.748  X  10  *  mhos, 
and  Xe  =  j.l335  ohms.  Le  =  4t><)  iih. 

The  final  computed  values  for  this  T  pad 
are  as  listed  below: 


a  linear  time  axis,  and  synchroniz¬ 
ing  device  built  in,  a  cathode  ray 
oscillograph,  and  a  crystal  frequency 
monitor.  The  modulated  frequency 
together  with  the  output  of  the  i-f 
crystal  oscillator  are  mixed  in  a  6L7. 
The  output  of  the  6L7  is  fed  into 
the  vertical  amplifier  of  the  cathode 
ray  oscillograph.  The  linear  time 
axis  is  fed  into  the  horizontal  plates 
of  the  cathode  ray  oscillograph. 
When  the  mean  frequency  of  the 
modulator  is  456  kc.,  the  resulting 
beat  note  is  plainly  visible  on  the 
cathode  ray  screen.  Then  all  im¬ 
pedance  matching  devices  are  tuned 
.so  that  maximum  energy  transfer 
is  obtained. 

The  .synchronized  linear  time  axis 
is  piped  to  the  various  test  positions 

L,-l800|iH  L2-  450/1H 

'*0fl 

^  ^  rt 

12  ^ 


L,-7I2|rH  L2-29«>0^H 


1800  Mb 
466  Mb 
:100  MMf 


2000  MMf 
3390  Mb 


(DiAjtanxjL  rw  Oblsudi! 

QomsmJbac,  btwt&jni&AwtL 
li/UL  —hoik,  liqhiwsdqhL  and 
AtojuiaAd  csmAl/tuddmL—^iA. 
Land,  ai/L  and  Asm  inAtaL  - 
LatiofiA.. 


fiipsL  tpWL  (R  J  whsLhsL 
dsiAJAsid  — 


JhsiMA.  a.  hsuoAsyn  . . . 

3LsiL  JUA,  jixfiLain 


AUDIO  OSCIllATOR 

TYPE  CR-4  BEAT  FREQUENCY 


The  design  of  the  imi)edance 
matching  networks  which  match 
each  main  branch  line  to  the  load 
in  each  test  department  is  identical 
with  the  above.  They  are  designed 
to  match  140  ohm  to  140/12  ohms, 
there  being  12  test  positions  in  each 
department.  The  values  come  out 
a.s  shown  in  Fig.  4A. 

There  are  two  of  these  required. 
Likewise  the  design  of  the  pad 
matching  each  of  the  12  lines  to  a 
1|000  ohm  attenuator  is  identical. 

Air  tuned  trimmer  condensers  are 
used  for  Ci. 

The  main  control  equipment  con¬ 
sists  of  a  frequency  modulator,  with 


Cj-  liOftfif 


Fif(.  4  Matching  netu'orks.  A — 
Branch  line  to  load.  B~Line  to 
attenuator 

alongside  the  matched  transmission 
line. 

Regarding  the  problem  of  drifting 
of  the  mean  frequency  of  the  modu¬ 
lator,  the  following  may  be  said: 
The  linear  time  axis  is  tripped  twice  j 
for  each  revolution  of  the  modula-  j 
tor  condenser.  Therefore,  when  an 
i-f  transformer  is  not  aligned  per¬ 
fectly  to  456  kc.,  the  resonance  curve 
appears  as  two  separate  traces  on 
the  screen.  If  the  frequency  of  the 
modulator  drifts,  it  becomes  impos¬ 
sible  to  bring  the  two  traces  to¬ 
gether.  The  tester  therefore  has  a 
positive  check  on  the  frequency. 
However,  very  little  trouble  has  been 
experienced  along  these  lines. 


Price 

>89 


NOW 

supplied  with 

HAND  CALIBRATED 
DIRECT  READING 
DIAL 

Write  for  Catalog 

UNITED  SOUND  ENGINEERIN6  CO. 

Hmufacturart  of  EUctromie  Equipmunt 

223S  University  Ave.,  St.  Paul,  Minn. 
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British  Patents 


Radio  Circuits 

Super-regenerator.  Several  super- 
regenerative  amplifiers  are  quenched 
by  a  single  local  oscillator,  the  carrier 
frequency  amplified  by  any  one  tube 
being  different  from  that  amplified 
by  any  other  tube.  L.  R.  Merdler, 
Baird  Television.  No.  454,945. 

'  Anti-feedback.  Undesired  inter-ac¬ 
tion  between  the  electrodes  of  a 
multigrid  tube,  such  as  is  used  for 
modulation  or  frequency-conversion  is 
prevented  by  an  external  coupling,  for 
example,  a  condenser  between  the 
grids.  H.  A.  Wheeler,  Hazeltine  Corp. 
No.  454,996. 

Voltage  regulator.  The  voltage 
across  a  load  is  controlled  by  a  vacu¬ 
um  tube  in  series  with  the  load,  the 
grid  potential  of  the  tube  being  de- 


nc.i. 


rived  from  a  resistance  connected 
across  the  supply  in  series  with  an 
auxiliary  triode  and  a  source  of  con¬ 
trol  voltage  which  is  included  in  series 
with  the  load  voltage  or  a  part  there¬ 
of  in  the  grid  circuit  of  the  auxiliary 
tube.  Philadelphia  Storage  Battery 
Co.  No.  455,031. 


dent  of  the  ray  and  raised  locally  to 
incandescence  by  the  ray  to  produce 
the  picture.  The  uniform  heating  may 
be  to  800  deg.  K.  by  resistance  heat¬ 
ing,  by  infra-red  radiation  or  by  an 
auxiliary,  unmodulated  cathode-ray. 
The  screen  is  of  tantalum  50-100  x  10‘* 
inches  thick  or  of  tungsten  or  molyb¬ 
denum,  the  thickness  being  such  that 
an  incandescent  area  of  the  screen 
loses  heat  more  by  radiation  than  by 
conduction  to  adjacent  areas  of  the 
screen.  F.  S.  Turner,  San  Francisco. 
No.  452,368.  See  also  No.  452,406. 

Automatic  tuning.  A  circuit  com¬ 
prising  manual  tuning  control  and  sup¬ 
plementary  automatic  tuning  control 
for  final  accuracy  of  tuning,  in  which 
the  operation  of  the  automatic  con¬ 
trol  is  prevented  until  the  manual  con¬ 
trol  is  adjusted  to  a  predetermined 
frequency  displacement  from  the  in¬ 
tune  position.  G.  L.  Beers,  Marconi 
Co.  No.  452,585. 

Saw-tooth  generator.  In  a  circuit  in 
which  a  condenser  is  periodically 
charged  gradually  through  a  resist¬ 
ance  and  discharged  abruptly  through 
a  tube,  the  rise  of  voltage  across  the 
condenser  is  made  truly  linear  with¬ 
out  the  use  of  saturated  tubes  in  the 
charging  circuit  by  including  in  the 
charging  circuit  a  voltage  derived 
from  the  condenser  and  acting  in  op¬ 
position  to  it.  Philips.  No.  452,965. 

Automatic  Selectivity.  The  selec¬ 
tivity  of  a  radio  receiver  is  regulated 
manually  or  automatically  by  a  variable 


High  frequency  circuit.  In  a  tube 
connected  in  a  Barkhausen-Kurz  cir¬ 
cuit  means  are  provided  for  creating 
an  abrupt  change  at  two  points  in 
the  characteristic  impedance  of  the 
positive  oscillating  electrode,  and  ex¬ 
ternal  circuit  connections  are  made  to 
the  electrode  between  these  points  and 
at  points  symmetrical  with  respect  to 
them.  Standard  Telephones  &  Cables, 
Ltd.  No.  455,125. 

Navigation.  The  navigator  of  a 
moving  vessel  ascertains  his  location 
by  measuring  the  phase-displacement 
of  several  radiated  sigrnals  modulated 
by  a  single  low  frequency.  This  gives 
him  the  difference  of  his  distance  from 
two  aerials  spaced  apart  by  a  known 
amount.  E.  A.  H.  Honore,  Paris.  No. 
452,235. 

Volume  expansior.  In  sigpial  re¬ 
cording  or  reproduction  using  com¬ 
pression  and/or  expansion  of  the 
range  of  volume  variations,  the  com¬ 
pressor  or  expander  is  desigrned  to  be 
ineffective  at  input  volumes  above  and/ 
or  below  a  definite  level.  ERPI.  No. 
452,084. 

Cathode-ray  tubes.  The  screen  of  a 
tube  comprises  a  thin  metal  sheet 
heated  uniformly  by  means  indepen- 
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bias  applied  to  capacities  or  induc¬ 
tances  in  circuits  arranged  to  vary 
tuning,  coupling  or  feed-back.  Cir¬ 
cuits  are  shown  in  which  the  band 
pass  is  a  function  of  incoming  signal 
strength.  L.  L.  Kramolin,  Berlin.  No. 
455,190. 

Television.  In  a  receiver  for  tele¬ 
vision  and  sound  the  sound  energy  is 
received  on  a  super-regenerative  re¬ 
ceiver  and  the  quenching  frequency  is 
obtained  from  the  television  scanning 
frequency.  Marconi  Co.  No.  453,135. 

Tone  control.  An  automatic  system 
comprising  a  condenser-resistance 


combination,  the  resistance  having  a 
predetermined  temperature  coefficient 
and  being  traversed  by  a  current  de¬ 
pending  on  the  momentary  gain  of  the 
receiver,  with  the  effect  of  reducing 
high-note  response  during  periods  of 
high  gain  or  weak  input  signals.  Mar¬ 
coni  Co.  No.  453,138. 

Frequency  changer.  To  compensate 
for  changes  in  the  amplitude  of  the 
local  oscillations  in  a  heterodyne  re¬ 


ceiver,  a  regenerative  mixing  tube  has 
its  regeneration  varied  by  a  biassin^ 
voltage  derived  from  the  oscillations. 
N.  P.  Case,  Hazeltine  Corp.  No.  453,- 
658. 

Remote  control.  A  remotely  tuned 
superheterodyne  in  which  the  local 
oscillator  is  regeneratively  back- 
coupled,  the  variable  reactance  ele¬ 
ment  of,the  oscillator  is  remotely  situ¬ 
ated  from  the  remainder  of  the  fre¬ 
quency  determining  circuit  and  is 
associated  therewith  through  a 
screened  cable  and  a  ferro-magneti- 
cally  cased  tight  coupled  transformer 
at  the  end  of  the  cable  remote  from 
the  reactance,  the  low  impedance 
winding  facing  the  tuning  reactance 
while  a  further  screened  cable  effects 
the  back-coupling.  Marconi  Co.  Nu. 
443,637. 

Transmission  line.  A  two-conduc¬ 
tor  line  carrying  a  wide  band  of  fre¬ 
quencies  as  in  television  is  coupled 
to  an  amplifier  so  that  interfering 
potentials  between  the  line  and  earth 
are  removed  from  the  amplifier  out¬ 
put.  E.  L.  C.  White,  Middlesex.  No. 
443,589. 

Tuning  indicators.  Visual  tuning 
indicators  for  receivers  comprise  an 
evacuated  cathode-ray  device  con¬ 
taining  controlling  means  receiving 
varying  voltage  bias  tc  vary  the  angle 
of  divergence  of  either  an  electron 
beam  or  a  shadow  within  such  beam, 
and  so  to  produce  corresponding 
changes  in  the  illuminated  area  on  a 
fluorescent  anode.  Ferranti,  Ltd.  No. 
443,602. 

Automatic  tuning.  A  tube  the  im¬ 
pedance  of  which  varies  with  the 
departure  from  exact  tune,  and  which 
acta  to  vary  the  frequency  of  the 
local  oscillator  in  a  compensatory 
sense.  E.  K.  Cole.  No.  443,505. 

Directive  system.  A  radio  heam 
for  use  in  air-navigation  is  simul¬ 
taneously  modulated  in  different  'vay* 
by  interposing  in  its  path  ionized  gas 
tubes.  I.  Wolff,  Marconi  Co.  No. 
443,992. 
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Power  amplifier.  With  the  object  of 
increaaingr  the  ratio  of  power  output 
to  power  supplied  in  a  radio-trans¬ 
mitting  amplifier,  or  in  a  push-pull 
audio-amplifier,  the  anode  supply 
voltage  and  the  grid  bias  are  auto¬ 
matically  regulated  according  to  the 
mometary  strength  of  the  audio  sig¬ 
nal.  Lorenz.  No.  444,050. 


Portable 

Recording 

Machine 


A  precision  ma- 
chined,  compact  outfit 
positively  eiimi- 
nates  ali  waver — Records 
either  direction  at  33-^ 

or  78  RPM - 90,  110  or 

130  lines  per  Inch — 110  voit 
AC  100%  synchronous  motor — solid  16  in.  turntable— Con¬ 
stant  speed  rim  belt  drive — Reinforced  black  leatherette  carry¬ 
ing  cases — Unequaied  value — Superlative  performance.  Also 
Stationery  machines,  Amplifiers,  cutting  heads,  special  acetate 
pickups.  Style,  etc. 

UNIVERSAL  MICROPHONE  CO.  LTO.  a. 


Wide  band  amplifier.  A  thermionic 
amplifying  system  suitable  for  fre¬ 
quencies  down  to  zero  comprising 
several  direct-coupled  amplifiers.  Sco- 
phony.  Ltd.  No.  444,058. 


Tuning  indicator.  A  receiver  is 
provided  with  a  tuning  indicator,  the 
indication  of  which  is  a  function  of 
the  amplification  and  also  of  the 
current  or  voltage  set  up  in  an 
auxiliary  sharply-tuned  circuit  such  as 
a  muting  circuit.  F.  T.  Lett,  Buck¬ 
inghamshire.  No.  444,179. 


Adj’udicated  Patents 

(D.  C.  N.  Y.)  Lindenblad  patent.  No. 
1,884,006,  for  antenna,  claims  23  to  27, 
inclusive.  Held  not  infringed.  R.  C.  A. 
V.  Mackay  Radio  &  Telegraph  Co.,  16  F. 
Supp.  610. 

(D.  C.  N.  Y.)  Carter  patent.  No. 
1,909,610,  for  electric  circuit,  claims  1 
to  5,  inclusive.  Held  not  infringed.  Id. 

(D.  C.  N.  Y.)  Lindenblad  patent.  No. 
1,927,522,  for  antenna  for  radio  com¬ 
munication,  claims  9,  10,  19,  and  23 
Held  not  infringed.  Id. 

(D.  C.  N.  Y.)  Carter  patent.  No. 
1,974,387,  for  antenna,  claims,  1,  2,  3, 
4,  10,  12,  15,  16,  28,  34,  35.  36,  38 
and  40  Held  not  infringed.  Id. 


^VRED'WIRE  WOUND  RESISTORS 
Wn  ELEVEN 
LION  IN  USE 


MAY  WE  SAMPLI 
AND  QUOT^ 


THE  MUTER  COMPA 


1255  SO.  MICHIGAN  AVL 


Telling  the  engineer  and  manufacturer 
what  is  being  done  with  electron  tubes 
in  industry — and  how  it  is  being  done 

New  second  edition 


Just  published 

Electron  T ubes  in  Industry 


Adverse  Decisions  in 
Interference 

In  interferences  involving  the  indi¬ 
cated  claims  of  the  following  patents 
final  decisions  have  been  rendered  that 
the  respective  patentees  were  not  the 
first  inventors  with  respect  to  the 
claims  listed: 

Pat.  1,978,461,  P.  L.  Hoover  and  E. 
D.  Kennedy,  Timing  axis  for  cathode 
ray  oscillograph,  decided  September  2, 
1936,  claim  5. 

Pat  1,988,486,  Lester  Ferenci,  Photo¬ 
electric  web  registering  device,  decided 
November  18,  1936,  claims  1,  11,  and  17. 

Pat.  1,908,381,  Charles  Travis,  Radio 
receiving  system,  decided  December  12, 
1936,  claims  1,  2,  4,  6,  7,  8,  and  9. 


Tubes 

Ind^try 

Henney 


by  Keith  Henney,  Editor,  Elfctronics 
539  pages,  6x9,  397  illustrations,  $5.00 

Engineers  and  manufacturing  executives  interested 
in  cheapening  or  quickening  industrial  processes  will 
find  in  this  book  a  thorough  presentation  of  the  practical  aspects  of  electronics 
— what  the  electron  tube  is  doing  toward  making  processes  simpler,  cheaper, 
safer,  and  in  making  possible  new  methods  of  control.  Describes  in  detail 
amplifier,  rectifier,  and  other  tubes  and  photocells  and  their  applications  in 
industry,  including  circuit  diagrams,  performance  charts,  and  comparisons  with 
other  types  of  apparatus. 

SEND  THIS  ON-APPROVAL  EXAMINATION  COUPON 

See  this  edition  for 
developments  in: 

— dreuitt  using  newer  tubes,  ele¬ 
ments  and  principles 
— motor  control,  welding,  illumi 
nation,  and  register  control 

— ignitron  tubes,  cathode-ray  ;  . 

tubes,  and  other  types  ;  Address . 

— capacity  relays,  relay  circuits  I  city  and  state 
— application  of  tubes  to  power  j  position 

conversion,  inversion,  and 
transmission 

— invisible  light  control  methods. 


MrGRAW-HILI.  BOOK  COMPANY,  INC. 

830  West  42d  Street.  New  York,  N.  Y. 

Send  me  Henney's  Electron  Tubes  In  Industry  for 
10  days'  examination,  on  approval.  In  10  days  I 
agree  to  pay  $5.00  plus  a  few  cents  postage  and 
delivery,  or  return  book  postpaid.  (We  pay  post¬ 
age  on  orders  accompanied  by  remittance.) 


Patent  Suits 

1,573,374,  P.  A.  Chamberlain;  1,707,- 
fil7,  1,795,214,  E.  W.  Kellogg,  appara¬ 
tus;  1,728,879,  Rice  &  Kellogg;  1,894,- 
197,  same,  filed  Oct.  24,  1936,  D.  C., 
N.  D.  Calif.  (San  Francisco),  Doc.  E 
4098- L,  R.C,A.  et  al.  v.  C.  Abel  (Coast 
Radio  Co.). 


Company  . 

(Books  sent  on  approval  In  U.  S.  and  Canada  only.) 
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A  WIDE  VARIETY  OF  TYPES 
FOR  EVERY  INDUSTRIAL  USE 

The  Automatic  Electric  line  of  relays  incluJes  quick 
and  delayed  action  types,  sensitive  and  heavy  duty 
types,  mechanical  locking  types,  polarized  relays, 
etc.,  etc.  Available  for  operation  on  C.C.  or  A.C. 
circuits,  any  voltage,  any  contact  combination. 

Also  stepping  switches,  electric  counters,  solenoids, 
keys  and  other  electrical  control  accessories. 

Write  for  complete  illustrated  catalogs. 


i  mericnn  Auiomatic  Elecfric  Sales  [ompany 


1023  WEST  VAN  BUREN  STREET  .  .  .  CHICAGO 


RADIO  MANUFACTURERS 

can  save  money  with 

CRESCENT  CORD  SETS 

All  Ready  to  Install 

Make  1937  a  banner  year  by  reducing  expenses  and 
increasing  profits.  You  can  do  it  by  using  these  sets, 
with  all  parts  completely  assembled. 

You  can  be  certain  of  the  quality  of  these  cord 
sets — every  one  is  carefully  tested  and  inspected.  We 
guarantee  them  to  be  lOOTc  perfect. 

Send  us  blue  prints  for  prices  on  quality  production. 

Address  Department  E 


INSULATED  WIRE ^  &  CABLE  CO.  UC 


TRENTON. 


m 


NEW JERSEY 


. . . . . 


At  publiahara  of  Radio  RetaUinq 
for  twolva  yoora.  McGiaw-HiU 
ia  uniqualy  aquippad  to  offar 

complata,  authoritativa  Diract  Mail  covaraqa  of  tha 
Radio  Trada.  Extrama  accuracy  (guorantaad  98%)  ia 
mointainad  on  a  doily  corractad  baaia  and  tha  widaat 
poaaibla  aalactiona  ora  arailabla.  Send  for  folder  an- 
titlad  "Hundrada  of  Thouaanda  of  Raaaona  Why"  which 
daacribaa  how  McGraw-Hill  liata  ora  built  and  main¬ 
tained. 

What  Selection  Do  You  Wont  to  Reach? 

Radio  Wholeaalara 
Rodio  Daalara 

Larger  Daalara 
Smaller  Daalara 
Occupational  Groupa 
AutomotiTa  Storaa 
Central  Station  Storaa 
Hardware  Storaa 
Etc. 

Radio  Sarvica  Daalara  and  Service  Man 
Geographical  Salactiona 
Populotion  Groupa 

Write  for  folder  "Radio  Trode  Outlets"  giving 
details  on  selections,  state  counts,  prices,  etc. 

...  or  ask  any  representative. 


liCT  MAIL  DIVISION.... 

McGRAW-HILL  PUBLISHING  CO. I 

330  W.  42nd  STREfT  NEW  YORK,  N.  Y.  | 


A  TRIAL  WILL  CONVINCE  YOU  I 

^^1  35  y«iri’  Experience 

I  Insures  Dependebility  | 

a 

We  Manufacture 

PERMANENT  MAGNETS  TOOLS  and  DIES 
METAL  STAMPINGS  LAMINATIONS 

Suppliers  of 

ALNICO  MAGNETS 

THOMAS  &  SKINNER 
I  STEEL  PRODUCTS  CO. 

I  23d  St  at  Alvord  Indianapolis.  Ind. 

•iiiiiiiiiiitiiiiiiiHiMMiiMiinMiMimttiiiiiiiHHiimiMMiiiMiiiiMiiiiiMMimmiimiiiiMMtiMiiiiiiNiiMtfiMiniMnimiHinmMniiHiiiJ 

.niHiiiiMiiiiiiiiiiiiiii)itiHiiiiiiiMiiiiiiiiiiiitiiiiiniiiiiiiiiiiiiiiiiiii!imiiMiiiiiiiiiMiMiiiiMiiiiiiimjiiiiiiiiii‘miiitiiiiiiiiiiiiiuiMiiiiiiibiiiiiiiiitiimiiiitiiMi<<i  'ttt| 

Ihi-po\a^er  for  portable 

I  SOUND  EQUIPMENT 

I  I 

I  The  Carter  GENEMOTOR  supplies  the  most  re-  I 

I  liable  and  economical  “B”  Power  for  Class  A  or  I 

*  B  iunplifiers  from  a  6  or  I 

12  volt  battery.  Output  I 
up  to  500  volts.  Sturdy 
—  Compact  —  Quiet  in 
operation  —  Requires  no 
oiling  —  Guaranteed. 
Also  can  be  supplied  for 
A.C.  output. 

Writ*  for  Circular 

CARTER  MOTOR  CO. 

365  W.  Superior  St.,  Chicago 
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